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Preface. 


Practical  Astronomy  has  claims  upon  our  attention  equal  to 
those  of  either  of  the  preceding  sciences,  whether  we  regard  it 
as  a  means  of  mental  discipline,  or  in  its  bearings  upon  other 
branoiies  of  study.  An  acquaintance  with  the  grand  principles 
of  astronomy  has  from  time  immemorial  been  regarded  as  an 
essential  part  of  a  finished  education ;  but  no  one  can  feel  a 
rational  confidence  in  the  results  announced  by  astronomers 
without  some  distinct  notion  of  the  methods  by  wliich  these  re- 
sults are  attained.  Wlien  the  student  is  told  that  the  sun  is 
ninety-five  millions  of  miles  distant  from  us,  and  that  light  re- 
quires several  years  to  reach  us  from  the  nearest  fixed  star,  he 
may  receive  tliese  doctrines  without  dispute  on  the  basis  of  au- 
thority, but  ho  can  feel  no  adequate  conviction  of  Iheir  troth 
without  a  knowledge  of  the  iostruments  with  which  the  requi- 
site observations  are  made,  as  well  as  the  principles  upon  which 
the  computations  are  conducted. 

It  is  believed,  therefore,  that  Practical  Astronomy  is  destined 
to  occupy  a  more  prominent  place  in  our  institutions  of  educa- 
tion than  it  now  holds,  and  it  is  hojied  that  the  present  volume 
may  contribute  something  to  so  desirable  a  result. 

The  preparation  of  this  treatise  has  been  attended  with  seri- 
ous labor.  No  considerable  portion  of  it  has  been  exclusively 
derived  from  any  single  work,  I  have  sought  for  materials  from 
every  source  within  my  reach — not  only  from  the  standard  au- 
thorities upon  this  subject,  but  also  from  Astronomical  Journals 
and  the  Annals  of  Observatories,  The  works  which  I  have  most 
frequently  consulted  with  success  are,  Pearson's  Practical  As- 
tronomy, and  Baily's  Astronomical  Tables  ;  Delambre's  Astro- 
nomie,  and  Fraiicx)eur's  Astronomic  Pratique  ;  Briinnow's  l^pha- 
rischen  Astronomic;  Sawitsoh's  Practischen  Astronomic,  and 
Bessel's  Astronomischo  Untersuchungen, 

The  Tables  which  accompany  this  volume  have  cost  me  con- 
siderable labor.  Table  XVI*  is  entirely  original.  Doubtless  sim- 
ilar tables  have  been  heretofore  computed,  but  I  have  been  una- 
ble to  find  such  an  one  in  any  of  the  w^orks  to  w*hicli  I  have  had 
access.  Several  of  the  tables  have  been  computed  entirely  anew, 
although  similar  tables  are  to  bo  found  in  other  works.  Of  this 
description  are  Nos.  XVIL,  XVIR,,  XXIL,  and  XXYIL  Others 
have  been  partially  recomputed,  extended,  and  modified  to  suit 
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the  ground  as  can  conveniently  be  done.  It  is  a  matter  of  tbe 
first  imtiortanco  that  tlie  horizon  be  unobstructed  in  the  direction 
of  the  meridian. 

The  atmospheric  obstructions  which  astronomers  aim  to  avoid 
as  far  as  possible  are  fogs — which  are  uncommonly  prevalent  in 
certain  places,  especially  on  low,  swampy  grounds— the  smoke 
and  heated  air  arising  from  chimneys,  factories,  etc.,  as  also  the 
dust  and  noise  of  public  streets.  Certain  localities  are  much 
more  subject  to  clouds  and  Ixigh  winds  than  other  places,  and 
these  are  specially  unfavorable  to  the  operations  of  an  observ- 
atory, 

(3.)  A  transit  instrument  and  a  good  clock  are  indispensable 
tn  the  furniture  of  every  observatory.  The  former  requires  an 
o{>ening  in  the  roof  and  down  the  waits  of  the  building,  so  as 
to  afford  a  view  of  the  meridian  from  the  north  to  the  south 
horizon.  This  opening  should  not  be  less  than  eighteen  inches 
wide,  and  should  be  covered  by  doors  which  may  be  easily 
thrown  open,  and  which^  when  closedj  shall  effectually  exclude 
the  rain  and  snow.  A  complete  observatory  must  also  be  fur- 
nished with  a  graduated  circle  for  measuring  altitudes  or  polar 
distances,  which  will  require  a  second  opening  across  the  roof, 
similar  to  the  one  already  described,  unless  a  meridian  circle  be 
used  for  both  purposes,  in  which  case  one  opening  may  suffice. 

(4.)  An  altitude  and  azimuth  circle,  or  an  equatorial  instru- 
ment, requires  a  revolving  roof,  with  an  opening  from  the  zenith 
to  the  horizon,  to  enable  the  observer  to  follow  a  heavenly  body 
m  any  part  of  its  diurnal  course.  This  roof  should  not  be  larger 
than  is  necessary  for  giving  room  to  the  observer  and  to  the  in- 
strument under  it,  lest  its  bulk  and  consequent  weight  should 
im|>ede  its  easy  motion.  It  should  bo  made  to  tiu-n  round  on 
a  circular  bed,  placed  in  a  horizontal  |x>sition.  The  dome  may 
revolve  on  small  brass  wheels,  set  in  a  ring  of  wood  of  proper 
dimensions,  or  on  east-iron  balls,  turned  in  a  latlie  so  as  to  be  of 
exactly  equal  diameter. 

The  figure  on  the  opposite  page  represents  a  section  of  a  rota- 
tory dome  suitable  for  a  small  observatory.  The  letters  AA 
represent  an  opening  18  or  20  inches  in  width,  extending  from 
the  top  of  the  dome  down  one  side  to  the  horizon,  and  closed 
by  three  doors,  of  wluch  each  upper  one  overlaps  the 
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CHAPTER  I. 

STRUCTURE  OF  AN  OBSERVATORY.— THE  TELESCOPE. 

Article  1.  In  selecting  a  site  for  an  astronomical  observatory, 
we  should  aim  to  secure  the  followitig  advantages : 

1.  Stability  in  the  position  of  the  instruments. 

2.  A  good  horizon. 

3.  Freedom  from  atmospheric  obstructions. 

In  order  to  secure  the  first  advantage,  we  should  select  a  spot 
which  affords  a  solid  foundation  for  building.  The  instruments 
should  rest  upon  stone  piers  whose  foundations  are  either  rock, 
gravel,  or  hard  clay,  for  which  purpose  it  is  sometimes  neces- 
sary to  excavate  the  earth  to  the  depth  of  20  or  25  feet.  To 
prevent  the  transmission  of  tremors  from  the  surface  of  the 
ground  to  the  instruments,  the  earth  should  not  be  filled  in  about 
the  piers,  but  the  latter  should  be  left  completely  insulated.  It 
is  found  that  ordinary  tremors  are  but  little  felt  a  few  feet  below 
the  surface  of  the  earth. 

Proximity  to  a  large  city  or  to  great  thoroughfares  is  most  un- 
desirable ;  but,  if  this  should  prove  unavoidable,  it  is  especially 
important  to  attend  to  the  insulation  of  the  piers. 

(2.)  In  order  to  secure  a  good  horizon,  it  was  formerly  cus- 
tomary to  build  an  observatory  of  great  height,  but,  for  the  pur- 
pose of  securing  greater  stability  of  the  instruments,  astronomers 
now  select  an  eminence  of  moderate  elevation,  from  which  the 
ground  descends  on  all  sides,  and  place  their  instruments  as  near 
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Structure  of  an  Observatory. 
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lower  one,  so  as  to  exclude  the  rain  and  snow.  The  wcN^deix 
plate,  BB,  which  appears 
a  straight  lincj  is  a  circu- 
lar ring,  which  forms  the 
base  0 f  the  donio;  andCC 
V  a  similar  ring,  forming 
the  wall  plate  on  which 
the  dome  rests  and  re- 
volves* 

(5.)  A  modern  observ- 
atory generally  consists 
of  a  central  building,  of 
moderate  elevation,  sur- 
mounted by  a  revolving 
dome  covering  an  equa- 
torial telescope,  and  hav- 
ing small  wings,  running 
east  and  west,  in  which 
are  placed  the  instruments  which  are  designed  for  observations 
in  the  meridian.  The  sketch  on  page  16  represents  a  section 
of  the  Washington  Observatory.  A  is  a  pier  of  solid  mas<5nry, 
whose  foundations  are  nine  feet  below  the  surface  of  the  ground. 
It  runs  through  the  centre  of  the  main  budding,  and  on  the 
top  rests  the  equatorial,  E,  surmomited  by  a  revolving  dome. 
Both  on  the  east  and  w^est  sides  of  the  central  building  is  a 
wing,  each  of  which  has  two  openings  20  inches  wide,  extend- 
ing through  the  roof  and  along  the  sides  of  the  building,  so  as  to 
allow  an  unobstructed  view  of  the  meridian.  C  represents  tlie 
meridian  circle,  and  T  the  transit  instrument.  The  mural  circle 
was  formerly  attached  to  the  pier,  M,  in  the  west  wing,  but  it 
has  since  been  removed  to  the  pier,  P,  in  the  east  wing, 

(6.)  It  is  desirable  to  have  access  to  some  distant  field,  bothj 
north  and  south,  wliere  it  may  be  permitted  to  erect  a  pillar  on 
which  to  fix  a  meridian  mark>  This  mark  should  bo  at  such  a 
distance  that  it  may  be  distinctly  seen  with  the  solar  focus  of 
the  transit  instrument,  which,  for  a  small  instrument,  may  beJ 
a  distance  of  half  a  mile,  but  for  a  large  instrument,  may  be  a 
mile  or  several  miles.  The  Royal  Observatory  at  Edinburgh 
has  two  meridian  marks,  the  northern  one  distant  about  6000 
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This  image  is  magnified  by  a  microscope  called  an  eye-piece^ 
consisting  of  two  or  more  lenses,  and  several  of  them  are  fur- 
nished with  every  telescopcj  in  order  to  aflbrd  a  variety  of  mag* 
nifying  powers.     The  eye-piece  is  set  in  a  sliding  tube,  and  is 
moved  by  a  milled  head,  connected  with  a  rack  and  pinion,  to 
enable  tho  observer  to  adjust  the  eye-piece  exactly  to  the  image, 
(9.)  Two  varieties  of  eye-pieces  are  in  common  use,  one  called 
the  neg-aiivcy  the  other  the  posUive  eye-piece.     The  negative 
eye-piece  is  formed  of  two  plano-convex  lenses, 
T"    S    A,  B,  fixed  with  their  curved  faces  townrd  the 
Id    object-glass,   at  a  distance   from  each  other 
j\     something  less  than  half  the  sum  of  their  focal 
i J^    lengths.     It  is  called  a  negative  eye-piece,  be- 
cause the  image  viewed  by  the  eye  is  formed 
behind  tho  inner  lens,  and  this  is  the  form  generally  used  when 
distinct  vision  is  tho  sole  object, 

(10,)  The  jxtsitive  eye-piece  is  formed  of  two  plano-convex 
lenses,  C,  D,  having  their  curved  faces  turned 
toward  each  other,  and  placed  at  a  distance 
from  each  other  less  than  the  focal  distnnce  of 
the  lens  next  the  eye,  so  that  the  image  of  the 
object  viewed  is  beyond  both  the  lenses ;  and 
this  is  the  form  adopted  for  the  transit  instrument  where  spider 
lines  are  placed  in  the  focus  of  the  object-glass,  and  also  for 
telescopes  with  micrometers,  for  the  piece  containing  the  two 
lenses  can  be  taken  out  without  disturbing  the  lines,  and  is  ad- 
justahlc  for  distinct  vision.  As  the  image  formed  at  the  focus 
of  the  object-glass  lies  parallel  to  the  flat  face  of  the  contiguous 
lens,  every  part  of  the  field  of  view  is  distinct  at  the  same  ad- 
justment, or,  as  opticians  say,  there  is  ajlat  field, 

(IL)  In  lix)king  through  a  telescope  at  objects  in  high  alti- 
tudes, the  head  of  the  observer  is  brought  into  a  very  incon- 
venient position ;  to  obviate  which  inconvenience,  the  diagonal 
eye-pieoe  was  invented,  and  is  commonly  applied 
to  the  transit  instrument.  A  flat  piece  of  pol- 
ished sj^eculum  metal,  E,  is  usually  applied  be- 
tween the  two  lenses  of  the  eye-piece,  at  an  an- 
gle of  45^,  'which  changes  the  direction  of  the 
rays  of  light,  and  forms  an  image  which  becomes  erect  with 
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feet,  and  the  southern  about  18,000.  These  dustant  marks, 
however,  are  not  indispensable,  and  at  Grreenwich  their  us©  has 
been  abandoned, 

(7.)  By  applying  to  the  object  end  of  the  telescope  a  cap,  with 
a  lens  of  long  focus,  we  may  employ  a  near  meridian  mark, 
which,  in  some 
respects,  is  more 
convenient  than 
a  distant  one. 
The  annexed  fig- 
ure represents  a 
meridian  mark 
used  by  Captain 
Smyth,  of  Bed* 
ford,  England. 
A  brass  [ilatc,  five  inches  lung  and  tlirec  niclies  wide,  is  secured 
by  screws  to  a  stone  which  has  a  firm  foimdation  sunk  into 
the  ground.  On  tliis  plate  there  slides  another  of  smaller  size, 
adjostable  by  tw^o  screws  pressing  against  its  ends.  On  the 
sliding  plate  is  soldered  a  srpiarc  piece  of  silver,  bearing  a  well- 
defined  black  cross  as  a  mark  for  the  meridian.  A  four-inch 
lens,  ground  to  a  focal  length  of  49 J  feet,  which  is  exactly  its 
distance  from  tlie  cross,  is  attached  to  an  iron  plate,  which  is 
let  into  the  south  wall  of  the  observatory,  io  a  line  with  the 
transit  instrufnent.  The  rays  of  light  from  the  meridian  mark 
consequently  Ix^como  parallel  after  passing  through  the  lens, 
and  the  mark  can  be  viewed  through  a  telescope  adjusted  to  its 
solar  focus, 
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(8.)  The  object-glass  of  a  refracting  telescope  must  "be  ach* 
romatic,  consisting  of  two  lenses  so  combined  as  to  destroy  the 
iojnrioiis  effects  of  color  and  aberration.  The  available  diam- 
eter of  the  object-glass  is  called  its  aperture^  and  is  usually  a 
little  less  than  that  of  the  tube  in  which  it  b  inserted,  It  forms 
the  image  of  an  object  toward  which  it  may  be  directed  near 
the  eye  end  of  the  telescope.  The  distance  from  this  unage  to 
the  object-glass  is  called  the  focal  length  of  the  telescope,  and 
is  commonly  a  httle  greater  than  the  length  of  the  main  tube. 
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where  F  denotes  the  solar  focal  length  of  tho  inner,  /  that  of 
the  outer  lens,  d  the  distance  between  them,  and  E  the  focal 
length  of  the  equivalent  lens.  Then,  if  we  put  S  for  the  solar 
focal  distance  of  the  object-glass,  the  magtiifying  power  will 

bel 
E 

(15.)  As  it  is  difficult  to  measure  exactly  the  focal  length  of 
the  lenses,  other  methods  of  determining  tlio  magnifying  power 
of  a  telescope  are  generally  preferred. 

Let  the  focus  of  the  telescope  be  accurately  adjusted  to  dis- 
tant  objects.  Then,  if  we  dirixst  the  telescope  toward  the  light 
of  the  sky,  a  small  bright  circle  will  be  formed  near  the  eye- 
piece, which  is  nothing  else  than  the  image  of  the  aperture  of 
the  telescope.  If,  then,  we  measure  the  diameter  of  this  circle 
by  means  of  a  scale  divided  into  very  small  equal  parts,  and  like- 
wise tho  aperture  of  the  telescope,  the  diameter  of  tho  apertuje 
%us  determined,  divided  by  tlia  diameter  of  the  bright  image, 
will  express  the  magnifying  power  of  the  telescope.  For  exam- 
ple, let  the  clear  diameter  of  the  object-glass  be  10  inches,  and 
the  diameter  of  the  small  bright  circle  be  one  tenth  of  an  inch, 
then  will  100  represent  the  magnifying  power  of  the  telescope. 
Various  contrivances  have  been  employed  for  measuring  the  di, 
arneter  of  this  small  circle  of  hght,  but  the  best  method  is  by 
means  of  Ramsdenh  Dt/namfhr. 

(16.)  Tlie  following  is  G-auss's  method  of  determining  the 
magnifying  power  of  a  telescope:  If  we  invert  the  telescope, 
and  direct  tho  eye-piece  toward  some  distant  object,  then,  on 
looking  through  the  object-glass,  the  image  of  this  object  will 
appear  as  many  times  reduced  in  size  as  it  won  hi  be  magnified 
by  the  telesco|>o  if  we  observed  through  the  eye-piece.  We 
therefore  direct  tho  telesctjpa  so  that  two  objects  can  be  dis- 
tinctly seen  through  the  oljeot-glass  in  the  middle  of  the  field 
of  view%  or  at  equal  distances  on  the  two  sides  of  the  optical 
axis.  We  then  point  a  theodolite  toward  this  telescope,  eo  that 
its  optical  axis  shall  comcide  nearly  with  the  of>tical  axis  of  the 
telescojje,  and  measure  the  angle  a,  incloded  between  the  ima- 
ges of  the  above-mentioned  objects  as  they  appear  in  the  invert- 
ed {X)sition  of  the  telescope.  We  then  remove  the  telescope,  and 
measure  with  the  theodolit-o  the  angle  A,  which  is  comprehended 
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respect  to  altitude*  but  is  still  reversed  with  respect  to  azi- 
miitk 

(12.)  Instead  of  a  piece  of  reflecting  metal,  that  requires  a 
surface  perfectly  flat,  which  is  not  easily  obtained,  a  rectangu- 
lar prisjn  of  glass  is  sometimes  substi- 
tuted* A  aeetion  of  tlie  prism  ABC,  per- 
pend icidar  to  its  edge,  must  be  an  isos- 
celes right-angled  triangle.  If,  there- 
fore, a  ray  of  light,  DE,  from  the  ob-  j 
ject-glass  fall  ujwn  the  surface,  AB^  of 
the  prism  jierpendicularly,  it  will  pro- 
coed  without  change  of  direction  to  E, 
will  there  suffer  total  reflection,  and  will  pass  through  the  side 
AC  without  deviation.  The  prism  has  this  advantage  over  the 
plane  speculum,  that  much  less  light  is  lost  in  the  reflection. 

(13.)  Reflecting  telescopes  are  of  various  kinds,  but  the  two 
chiefly  employed  at  present  are  the  Newtonian  and  Herschelian* 
lu  the  Newtonian  form,  the  rays  reflected  from  the  large  mirror 
at  the  lower  end  of  tlie  tube  are  again  reflected  at  right  angles 
by  an  inclined  plane  mirror,  and  viewed  by  an  eye-piece  on  the 
side  of  the  tube.  The  observer,  accordingly,  in  using  this  in- 
strument, looks  in  a  direction  at  right  angle?  with  the  tube  of 
the  telescope. 

In  the  Herschelian  construction,  the  large  mirror  is  shghtly 
inclined,  so  as  to  form  the  image  close  to  one  side  of  tlie  tube, 
where  the  eye-piece  is  placed,  and  the  observer  looks  down  the 
tube  with  his  back  turned  toward  the  object  under  examination* 
Some  portion  of  the  light  from  the  object  is  necessarily  inter- 
cepted by  the  head  of  the  observer ;  but  in  a  largo  instrument 
Uiis  loss  is  not  very  serious. 

(14.)  If  the  solar  focal  distance  of  tlio  object-glass  of  the  tele- 
scope be  divided  by  the  focal  distance  of  its  eye-piec^,  consid- 
ered as  a  single  lens,  the  quotient  wdl  exprers  the  magnilyiiig 
power  of  the  telescope.  An  ordinary  celestial  eye-piece  consists 
of  two  lenses ;  so  that,  before  we  can  determine  the  magnify- 
ing power  of  the  telescope,  we  must  know  what  single  lens  is 
equivalent  to  the  two  lenses  of  the  eye-pieoe.     The  focal  length 


of  the  equivalent  lens  is  given  by  the  formula  E  =  ^  — 
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between  the  objects  themselves ;  the  required  magnifying  pcnr* 


er 


^tang.  J  A, 


tang,  i  a 


and  if  tlie  angles  A  and  a  are  small^  tlio  nmg- 
A 


nifying  power  =  -  nearly, 

(17.)  The  magnifying  power  of  a  telescope  may  also  he  ob- 
taiood  in  the  following  mannrir:  If  a  dis^k  of  %vhite  paper,  one 
ineh  in  diaiiiek^r,  be  placed  on  a  black  ground  at  30  or  40  yards 
distance  from  the  telescope,  and  a  staff,  painted  white  and  di- 
vided into  inches  and  parts  by  strong  black  lines,  be  placed  vert- 
ically near  the  disk,  the  eye  that  i«  directed  through  the  tele- 
scope, when  adjusted  for  vision^  will  see  the  magnified  disk,  and 
the  other  eye,  looking  along  the  outside  of  the  telescope, -will  ob- 
serve the  number  of  inches  and  parts  that  the  disk  projected  on 
it  will  just  ex)ver ;  and  the  number  of  inches  thus  covered  will 
indicate  the  magnifying  power  of  the  telescope  at  the  distance 
for  wliich  it  is  adjusted  to  distinct  vision. 

For  example,  a  disk  of  pajx^r,  one  inch  in  diameter,  was 
placed  at  a  distance  of  101  i  feet,  oontiguous  to  a  graduated 
vertical  statl',  and,  when  the  adjustment  for  vision  was  made 
with  a  42-inch  teleHcope,  the  left  eye  of  an  observer  viewed  the 
disk  projected  on  the  staff,  while  the  right  eye  observed  that  the 
enlarged  image  of  the  disk  covered  just  6Sk  inches  on  the  staff; 
which  number  was  the  measure  of  the  magnifying  power  P',  at 
the  distance  answering  to  the  focal  distance  F',  which  in  this 
case  exceeds  the  solar  focal  length  F  by  an  inch  and  a  half. 
The  solar  power  P  may  be  obtained  from  the  terrestrial  or  meas- 
ured power  P'  by  the  following  proportion : 
F' :  F  :  :  P' :  R 

In  the  present  case  we  have 

43.5  :  42  : :  68.5 :  56.5  nearly. 

Hence  the  magnifying  power  due  to  the  solar  focal  length  of 
the  telescope  is  56.5. 

(18.)  Every  telescope  of  coasiderable  magnifying  power 
should  be  furnished  with  a  finder  ;  that  is,  a  small  telesoope  of 
a  low  power  and  a  large  iield  of  view,  attached  to  the  side  of 
the  larger,  with  their  axes  parallel  to  each  other.  In  the  com- 
mon focus  of  the  object*glass  and  eye-glass  is  a  pair  of  coarse 
wiresj  intersecting  each  other  in  the  middle  of  the  field.     A  tel- 
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cscope  with  a  high  magnifying  power  1ms  a  very  smaU  field  of 
view,  and  therefon?  an  observer  may  have  great  dilliculty  in 
finding  a  small  object  for  which  he  is  se-arcliing.  This  incon- 
venience is  obviated  by  the  finder*  The  telescope  is  jxnnted  ap- 
proximately toward  a  star  by  glancing  tlie  eye  along  the  tube, 
when  the  star  will  be  seen  in  the  finder,  because  its  field  of  view  | 
b  very  large.  The  oljject  is  then  brought  into  the  middle  of 
the  field  of  the  finder,  which  is  indicated  by  the  intersection  of 
the  vi'ires,  when  it  will  be  somewhere  in  the  field  of  the  larger 
telescope. 

(19,)  In  order  to  judge  of  the  excellence  of  a  telescope,  we 
should  examine  the  quality  of  the  glass,  and  also  the  accuracy 
with  which  the  chromatic  and  spherical  aberrations  are  cor- 
rected. We  may  jndge  of  the  achromatism  by  directing  the 
telescope  to  the  moon  or  to  Jupiter,  and  alternately  pushing  in 
and  drawing  out  the  eye-piece  from  the  place  of  distinct  vision. 
In  the  former  case,  a  ring  of  purple  wiJl  be  formed  rounil  the 
edges  ;  and  in  the  latter,  a  ring  of  light  green,  which  is  the  cen- 
tral color  of  the  prismatic  spectrum  ;  for  these  appearances  show 
that  the  extreme  colors,  red  and  violet,  are  corrected. 

(20.)  We  may  test  the  figure  of  the  object-glass  by  covering 
its  centre  by  a  circular  piece  of  paper,  about  one  half  of  its  di- 
ameter, and  adjusting  it  for  distinct  vision  of  a  given  object,  and 
then  trying  if  the  focal  length  remains  unaltered  when  the  pa- 
per is  taken  away,  and  a  cap  with  an  ajx^rture  of  the  same  size 
is  applied,  so  that  the  extreme  rays  may  in  their  turn  be  cut  off 
If  the  vision  is  distinct  in  both  cases,  without  any  new  adjust- 
ment for  focal  distance,  the  spherical  aberration  is  corrected. 

(21.)  If  one  part  of  the  object-glass  have  a  different  refract i%*e 
power  from  another  part,  a  star  of  the  first  magnitude  will  point 
out  til©  defect  by  the  exhibition  of  an  irradiation,  or  what  o|i- 
iieians  call  a  wing^  at  one  side,  which  no  perfection  of  figure 
or  of  adjustment  will  banish  ;  and  the  greater  the  aperture,  the 
more  liable  is  the  evil  to  happen.  Hence  caps  with  ditTercnt 
apertures  are  usually  supplied  with  large  telescopes,  that  the 
extreme  parts  of  the  glass  may  he  cut  off  in  observations  requir- 
ing a  well-defined  image.  In  case  one  half  of  the  glass  be  fault} 
and  the  other  good,  a  semicircular  aperture,  by  being  turned 
gradually  round,  will  detect  the  semicircle  which  contains  the 
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defeotive  portion  of  the  glass ;  and  if  such  portion  should  be  cov- 
ered, the  only  inconvenience  that  would  ensue  would  be  the  loss 
of  the  light  which  is  thus  excluded. 

(22).  The  most  precise  mode  of  estimating  the  capacity  of  a 
telescope  is  by  observations  of  a  series  of  test  objects  in  the 
heavens.  These  objects  should  be  selected  with  reference  both 
to  illuminating  power  and  defining  power,  which  qualities  are 
quite  distinct  from  each  other.  The  usual  tests  of  illuminating 
power  are  stars  of  such  a  degree  of  faintness  as  barely  to  come 
within  the  range  of  the  telescope ;  and  the  tests  of  defining 
power  are  double  stars,  as  close  to  each  other  as  can  be  dis- 
tinctly seen  separated.  The  following  list  of  close  double  stars 
will  afford  a  considerable  range  of  tests  for  defining  power : 
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41 

66 

2 

20 

24 

2 

6 

6 

69 

6 

18 

9 

20 

32 

21 

18 

0 

14 

27 

80 

87 

26 

11 

2 

81 

66 

8 

8 

89 

39 

69 

10 

6 

8 

8 

68.8  N. 
8.3  S. 

11.1  N. 

46.2  N. 

61.7  N. 

48.8  N. 

61.6  N. 
2.7  N. 

80.4  S. 
61.4  N. 

67.3  S. 

33.7  N. 

80.4  N. 
0.6  N. 

84.7  N. 

26.9  N. 
12.3  N. 
68.9  N. 

9.9  N. 
17.9  N. 

14.6  N. 

84.8  N. 
48.3  N. 

47.9  N. 

40.7  N. 
2.6  S. 

14.9  N. 

49.8  N. 

18.3  N. 
10.7  S. 

68.6  X. 

82.7  N. 

29.8  N. 
67.7  N. 

61.4  N. 
4.5  S. 

60.0  N. 
60.4  N. 

6.2 
6.2 
2.8 
6.6 
4.2 
8.0 
6.7 
7.0 
4.0 
6.0 
6.6 
6.2 
7.0 
6.0 
6.0 
2.0 
4.0 
6.0 
6.0 
8.0 
8.6 
8.0 
6.5 
0.7 
4.0 
4.9 
40 
3.0 
6.6 
6.0 
6.0 
4.6 
4.9 
4.0 
8.0 
6.0 
6.2 
6.0 

6.8 
7.2 
8.9 
6.0 
7.1 
6.8 
6.0 
7.1 
6.0 
7.0 
6.0 
6.1 
7.8 
6.7 
7.0 
8.6 
4.9 
7.8 
60 
9.0 
8.9 
6.3 
6.6 
7.8 
7.0 
6.2 
6.0 
6.0 
7.0 
6.0 
7.2 
6.3 
6.2 
7.6 
9.0 
7.0 
6.2 
7.6 

1.8 
1.2 
8.1 
0.5 
2.0 
2.7 
L8 
0.4 
1.1 
0.4 
2.6 
1.6 
1.6 
0.7 
0.4 
8.2 
1.1 
1.4 
0.2 
2.3 
1.0 
2.6 
0.8 
0.7 
0.2 
1.1 
1.6 
1.2 
0.2 
1.9 
1.2 
8.0 
2.6 
2.8 
0.6 
0.4 
0.1 
0.6 

42  Ceti 

a  Piscium 

y*  Andromedie 

c  CnsaiopejB. 

y  Cetl 

e  Arietis 

7Tauri 

If  Ononis 

82  Orionis 

11  Monocerotis 

12Lynci8 

170  P.  Canis  Minoris 

CCancri 

ui  I^onis 

ly  Leonts 

]€  UrwB  Majoris 

85  Com»  Berenicis 

42  Comie  Berenicis 

!li7  P.  Virginia 

'•Z  Bootia 

c  Bootb 

If  Coronn  Borcalis 

/A*  Bootia 

y  Coronn  Borealis 

1  Libre 

X  Ophiuchi 

Cllerculis 

20  Draamia 

T  Ophiuchi 

78  Ophiuchi 

c>  Lvre 

£«LyrjD 

c  Draconia 

178  P.  Delphini 

4  Aquarii 

e  Equulei 

37  Pegaai , 

S4 
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(23.)  As  tests  of  illuminating  power  may  be  mentioned  the 
satellite  of  Neptune,  which  is  equal  to  a  star  of  the  fourteenth 
magnitude,  and  is  not  known  to  have  been  seen  by  more  than 
three  or  four  telescopes  in  any  part  of  the  world ;  the  satellites 
of  Uranus,  which  are  about  equally  difficult ;  and  the  three 
smaller  satellites  of  Saturn.  The  new  satellite  of  Saturn,  dis- 
covered by  Mr.  Bond,  is  estimated  to  be  equal  to  a  star  of  the 
seventeenth  magnitude. 

The  following  table  of  faint  and  unequal  stars  will  also  afford 
a  good  measure  of  illuminating  power : 


1                   f*t«r. 

R.  A.,  18S0. 

Dec,  1880. 

Magnitude!. 

DIsUDce. 

84Pi8cium 

i42  Piscium 

A.      nt.     «. 

0  8     62 
16     13 
26     12 

41  43 

1  7     14 
18    46 

2  29     84 
85      4 
85     69 

42  66 
8     46     85 
4     47     40 

6  7       1 
8     46 

11  47 

7  11     12 

12  67 
87     16 

11     18    68 
14    22      1 
16    22      2 

18  82     62 

19  2     63 
41     13 

20  11     24 

21  8     88 

22  7    40 
40    42 

28    52    66 

0  ' 

10  28     N. 
12    49     N. 

6     18     N. 
57     11     N. 

23  67     N. 
88     40     N. 

6  4     N. 

1  12     S. 
48     43     N. 
26     46     N. 

81  82     N. 
68     84     N. 

2  48     N. 

8  20     S. 

7  8     8. 

16  46     N. 
22    12     N. 

24  41     N. 

17  1     S. 
1    41     S. 

26    10     S. 
88    41     N. 

82  18     N. 
44     60     N. 
12     65     S. 

9  82     N. 
21     40     S. 

11  84     N. 
66      6     N. 

6.0     13.5 
6.8     10.7 
6.0       9.0 
4.0       7.6 
4.7     10.1 
2.0      9.0 
4.6     16.0 
6.0      9.2 
4.0     10.0 

8.6  11.5 

2.7  9.3 
4.2     11.3 
4.7      8.5 
1.0      8.0 
4.0     11.0 

4.6  12.0 
8.2      8.2 
4.0      9.0 
4.0     14.0 
6.2     10.0 
1.0      8.0 
1.0      8.8 

6.7  9.8 
8.0      8.0 
8.0    12.0 
4.5     10.0 
6.0      8.6 
5.0     15.0 
6.4      7.6 

7.0 

29.7 

27.4 

5.3 

8.0 

18.3 

6.0 

4.8 

16.6 

18.8 

12.5 

26.0 

7.0 

9.1 

3G.0 

10.3 

7.1 

6.4 

8.0 

4.3 

3.2 

48.1 

3.9 

1.6 

6.0 

87.6 

4.1 

16.0 

3.0 

61  Piscium 

n  Cassioceae 

^  Piftciuiii 

Poliiris. 

vCeti 

84Ceti 

e  Persei 

41  Arietis 

^Persei 

7  Camelopardi 

p  Ononis 

/3  Ononis 

T  Ononis 

X  Geminonim 

d  Geminonim 

K  Greminorum 

yCrateris 

ip  Virginis 

.A  ntiires 

a  LvrsB 

17  Lvr« 

S  Ovgni 

a'  Capricorni 

^  lilquuloi 

41  Aquarii 

S  Pegasi 

ff  CansiopeflB 

(24.)  ^omc  of  the  nebulsB  afford  excellent  tests  of  the  per- 
formance of  a  telescope.  Certain  nebulae,  which,  to  an  ordinary 
telescope,  appear  merely  as  a  dim  patch  of  light,  by  more  pow- 
erful instruments  are  resolved  wholly  into  stars,  and  others  are 
partially  resolved. 

The  following  are  some  of  the  most  interesting  objects  of 
this  class : 


^^^H 
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^^^1' 

A.    m,   ».    '^ 

^^^^^1 

Nebula  of  Andromeda   ...» 

0  34  37  40  36.9  N. 

Lar^f?  and  irri' solvable. 

^^^H 

33  H.  Persei 

8     8  39  56  27.1  N. 
2  13  1241  38.9  N. 

GloriouH  mass  of  stars. 
Irresoh'al»Ic, 

^^^^^M 

ly  H.  Aiidromodm 

^^1 

60  H,  Pcrsei  

3  58  55  49     6.2  N. 

Compressed  oval  group. 

Large  oval  Jiebtila. 

Ciroat  irresolvable  nebula. 

^^^^^M 

Crab  nebula 

6  36  27  21  64.7  N. 
5  27  54    5  29.5  S. 

^^^H 

Nebula  in  Orion 

^^H 

2  H-  Gd^miiioruni .......  ^ » 

6  46  31  18     9.8  N. 

8  42  68  12  21.4  N. 

10  17  29  17  63.6  S. 

A  compressed  cluster. 

Loose  eiustiT, 

Fine  planetary  tiobula. 

^^^^^1 

67  M  Cancri , 

^^^H 

S7  H.  Hyilr©  ............ 

^^^1 

97  M.  Ursm  Majoris 

11     6  69 

56  49  7  N 

Planetaiy  nebula. 

^^^1 

60  M.  Virjrinis 

12  36     3 

12  49  21 

12  22.8  N 

A  double  nebula. 

^^^^^1 

64  M.  CooiJE  Bcroniris  .... 

22  30.0  N.jNot  resohTd. 

^^H| 

63  M.  Coniie  iJcronicis    ...  13     5  32 

18  68.1  N  JA  globular  duster 

^^^1 

Spbal  Tit'bula   , 13  23  3J 

47  68.6  N. 

Irresolvable  |)air  of  nebtilaj. 

^^^H 

3  M.  Canum  Vcnaticorum  .  13  35   12 

29     7  3  N 

A  globular  cluster 

^^^1' 

7a  H  Virginia 14  21   44 

6  17,8  S, 

Resolved  in  largesi  tekscopei. 
\  mtisH  of  Htarjf. 
A  splendid  cluster. 

^^^^^H 

5  M.  Libra?. 

1.5   10  56 
16  m   19 

2  39  0  N 
36  44.6  N. 

^^^H 

13  M  Hor<;uliM 

^^H 

10  M.Qpbiiiclu  _ 

16  49   16 

18   11   57 

3  62.8  S. 
16   15.8  S. 

A  rich  ruund  mass. 
Horse-shoe  nebula. 

^^^^^M. 

17  M  Clypc*i  Sobicskii    ... 

^^H 

^^ 

28  M-  SriiTittarii 

18   15   17 

24  66  7  S. 

Compocl  globular  cluster. 
Annular  aiid  irresoh^able. 

^^^^^M 

^^H 

Anniibr  m^bub  tn  Lyra  . . . 

18  47  59 

32  60.8  N. 

^^H 

^^^^r 

IMSM.  Lyne    ,,.,........ 

19   10  4*2 

29  55.2  N. 

Globular  clu&tfir. 

^^^^1' 

Dumb-bell  ncbulu  . . , , , 

19  63     4|22   18.7  N. 

Irresolvable. 

^^li 

103  H.  Delphini 

20  26  50 

6  55.2  N. 

A  mass  of  minute  sian*. 

^^^^H 

15  M.  PPj^'ajil 

21  23  43 

11  30.0  N 

Globular  clueter. 

^^^1 

2  M,  Aquarii 

21  26  40 

1  29.6  S. 

A  ball  of  st&rs. 

^^^H 

30  M.  Capricomt 

21  31  60 

23  49  8  S. 

A  bright  cluster. 

^^^^H 

Many  of  tho  preceding  nebulae  are  quite  conspicuous,  even 

^^^1 

with  a  sniall  telescope  ;  but  the  Yisiblo  boundaries  of  these  ob-          ^^H 

jects,  and  the  number  of  stars  which  they  exhibit,  de|>c4ui  ujjon          ^^| 

the  power  of  the  instrument.                                                                     ^^1 

(2o.)  The  following  statement,  by  Captain  Smyth,  will  alTord          ^^H 

to  beginners  a  tolerable  idea  of  what  kind  of  performance  they          ^^H 

ought  to  expect  fiom  their  t^olescopes.     Captain  £^myth\s  tele-          ^^| 

^^K      scope  %vas  an  achromatie  refractor  of  SA  feet  focal  lengthy  witli           ^^| 

^^V      an  object-glass  of  -5^^^  inehes  clear  aperture.     The  cap  which           ^^H 

covered  the  olTJect.-glass  was  pierced  with  two  circular  holes,  of           i^^| 

two  inches  and  four  inches  diameter.     With  the  two-inch  aper-            ^^H 

ture,  and  ma*^tiifying  powers  of  from  60  to  100,  lie  saw  Polaris          ^^B 

and  its  companion  distinctly,  and  clearly  perceived  double                   ^^H 

a  Piscium, 

fi  Draconis,                               ^^| 

y  Leonis, 

7}  Cassiope.Ee.                              ^^M 

Witli  tlie  four-inch  n|>erture,  and  powers  varying  from  80  to          ^^H 

120j  and  upward^  ho  readily  saw                                                            ^^H 
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P  Orionis,  a  Cassiopeae, 

a  Lyrnp,  y  Ceti, 

d  Greminorura,  €  Draconis, 

I  Ursa3  Majoris,  t  Leonis. 

But  it  required  the  full  aperture,  and  powers  of  from  2*10  to 
300,  with  favorable  circumstances,  to  scrutinize  satisfactorily 
the  following  t^^st  objects : 


a  Arietis, 
X  Opiiiuchi, 
«  Effuulei, 
eJCygni, 


20  Draconis, 
^  Herculis, 
32  Orionis, 
K  Geniinorum. 


EQUATORIAL    TELE 9 COPl : . 

(26.)  An  equatorial  t43lescope  consists  of  a  ttilescope  so  mount- 
ed as  to  have  two  axes  of  motion  at  right  angles  to  each  othar, 
and  also  a  graduated  circle  connect-ed  with  each  axis,  at  right 
angles  to  its  l^iigtli.  When  the  instrument  is  adjusted  for  use, 
one  axis  is  parallel  to  the  axis  of  the  earth,  and  is  called  the 
polar  axis ;  the  other  is  parallel  to  the  plane  of  the  equator,  and 
is  called  the  declioation  axis.  When  a  telescope  is  mounted 
with  an  altitude  and  azimuth  movement  (as  is  the  case  with 
common  portable  instruments),  it  requires  a  motion  in  altitude 
as  well  as  in  azimuth  to  follow  a  star  in  its  diurnal  course ; 
and  these  movements  are  sufficient  to  occupy  both  hands  of  the 
observer.  But  with  a  telescope  mounted  equaturially,  only  one 
motion  is  required  to  follow  a  star ;  that  is,  a  motion  parallel  tn 
the  plaoe  of  the  equator ;  and  this  motion  being  perfectly  uni- 
form, can  easily  be  effected  by  clock-work  ;  by  which  means  the 
observer  has  both  his  hands  at  liberty  to  use  a  micrometer,  or 
for  any  other  purpose.  Ruch  an  instrument,  therefore,  affords 
great  advantages  in  measuring  the  relative  position  of  two  con- 
tiguous bodies,  in  measuring  the  diameters  of  the  planets,  etc. 
The  circle  which  is  connected  with  the  polar  axis  is  graduated 
into  hours,  minutes,  and  seconds  of  time,  to  indicate  the  right 
ascension  of  the  ohject  imder  examination ;  while  the  circle 
connected  with  the  declination  axis  is  graduated  into  degrees, 
minutes,  and  seconds  of  arc,  to  indicate  declination  or  polar 
distance. 
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(27.)   Tho  mode  of  inoimting  now  generally  preferred  is  that 
employed   by   Frauii- 
hofer,    and    is    repre- 
sented in  the  annex- 
ed cut. 

a  represents  tha 
polar  axis  parallel  to 
the  axis  of  the  earth ; 
b  is  the  riglit  ascen- 
sion circle  attached  to 
the  supporting  frame, 
while  two  verniers, 
attached  to  the  polar 
axis,  and  revolving 
with  the  telescope, 
point  out  tho  right  as- 
cension of  a  star  upon 
this  circle.  The  axis 
c  is  the  dechnation 
axis,  at  right  angles 
with  the  polar  axi.«f| 
and  is  mounted,  so  as 
to  revolve  in  its  sup- 
ports; while  the  dec- 
lination circle,  d,  in- 
dicates the  declina- 
tion of  the  object 
umler  examination. 
AVhen  the  riglit  ascension  circle  is  clamped,  the  declination  axis 
may  h©  made  to  revolve  tjirough  360"^,  by  which  means  the 
tolescopo  will  bo  pointed  sucx;essively  to  every  degree  of  detv 
lination.  When  the  declination  circle  is  clamped,  the  polar 
axis  may  be  made  to  revolve  through  3(30^,  by  which  means 
the  telescope  will  describe?  a  oompleto  circle  of  diurnal  motion. 
Thus,  by  means  of  these  two  motions,  which  are  at  right  an- 
gles to  each  other,  tho  telescojie  may  be  turned  to^vard  any  part 
of  the  heavens.  Indeed,  there  are  always  two  positions  of  the 
instrument,  with  reference  to  the  polar  axis,  in  which  the  tel- 
escope may  bo  pointed  upon  any  star.     If  we  suppose  the  tele- 
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^^P  scope  to  be  in  the  position  represented  in  the  preceding  cut^ 
and  revolve  it  180''  in  right  ascension,  and  also  about  180^  in 
declinationj  the  telescope  will  point  toward  the  same  part  of  the 
heavens  as  at  prestsnt ;  but  the  telescope  will  be  on  the  west 
side  of  tlie  polar  axis  instead  of  the  east  side.  Ono  is  called 
the  direct  position;  the  other,  the  reversed  jjosition  of  the  tel- 
escope. 

Connected  with  the  polar  axis  is  clock-work,  represented  at 
Cj  by  which  the  instrument  is  turned,  so  as  to  follow  the  diurnal 
motion  of  a  star,  withoct  tlio  necessity  of  any  interference  from 
the  observer.  The  driving  power  is  the  descent  of  a  weighty 
g't  which  commnnicates  motion  to  a  train  of  wheel-work,  and 
ultimately  to  the  polar  axis,  while  its  too  swift  descent  is  reg- 
ulated by  the  friction  of  centrifugal  baUs.  This  contrivance 
E  serves  to  retain  any  object  upon  which  the  telescoj>e  may  be 
pointed  in  the  centre  of  the  field  of  view  for  hours  in  succession, 
leaving  the  attention  of  the  observer  undistracted,  and  both  his 
hands  at  liberty. 
(28.)  The  equatorial  requires  the  follomng  adjustments  : 
1.  The  polar  axis  must  be  elevated   to  the  altitude  of  the 

pole. 

2,  The  index  of  the  declination  circle  must  point  to  zero 
when  the  Une  of  collimatiou  is  parallel  to  the  equator. 

3,  The  polar  axis  must  be  brought  into  the  meridian. 

4,  The  line  of  colli mation  of  tlie  telescope  must  be  perpen- 
dicular to  the  declination  axi.s. 

5,  The  declination  axis  must  bo  perp?ndicuhir  to  the  jiolar 
axis. 

6,  The  index  of  the  hour  circle  must  point  to  zero  when  the 
telescope  is  in  the  meridian  of  the  place. 

(29.)  Fird  Adjustment, — Observe  the  polar  distance  of  any 
known  star  when  near  the  meridian,  and  then,  turning  the 
polar  axis  half  round,  observe  the  same  star  again.  Take  tho 
mean  of  the  two  observations,  which  is  the  distance  of  the  star 
from  the  pole  of  the  instrument;  correct  it  for  refraction,  and 
compare  the  result  with  the  true  nortli  polar  distance  given  by 
the  Nautical  Almanac.  If  the  star  is  above  the  pole,  and  the 
instrumental  exceeds  the  true  polar  distance,  the  pole  of  the 
iflfitrument  is  below  tJie  pole  of  the  heavens,  and  viae  versa. 
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Correct  this  ervot  Ly  th*j  jiroper  screws  for  raising  or  depressiDg 
the  polar  axis. 

Example.  When  e  UrsjE  Minoris  was  near  tho  iiteridlau,  its 
north  polar  distance  was  observed  to  be  7  '  44'  7*\  the  faco  of 
the  declination  circle  being  west ;  and  7  '  44'  40"  when  the  face 
of  the  circle  was  east* 

The  me^n  of  these  two  observations  Ls  7^  44'  2*y\'5;  the 
refraction  was  52'\8 ;  making  the  correctfid  polar  distance 
7  '  43'  30",7,  The  polar  distance  by  the  Nantieal  Ahiianac 
was  7°  42'  40'^7.  Hence  tho  polar  axis  was  50"  too  low.  The 
refraction  is  derived  from  Table  YIIL,  pafje  f3G4. 

(30.)  Second  AdJu^imenL — Take  half  the  dilTerence  of  the 
above  two  observations ;  this  will  be  the  index  error  of  the 
declination  verniers,  and  they  must  bo  moved  accordingly  by 
their  adjusting  scjrews,  Several  pairs  of  observations  should  be 
taken,  in  order  to  ascertain  these  errors  with  great  accuracy. 

Example.  According  to  the  observations  above  given,  the 
index  error  was  1G''.5,  to  be  added  to  observations  when  the 
circle  is  west.     See  Art  61  respecting  lino  of  coUiination. 

(31.)  Third  Adjnsimeni, — Observe  the  polar  distance  of  a 
star  which  is  six  hours  from  the  meridian,  the  star  being  not 
very  near  the  }X)]e,  nor  yet  near  the  horizon.  Correct  this  for 
refraction  in  polar  distance,  and  compare  the  result  with  the 
true  jxjlar  distance  from  the  Nautical  Almanac.  If  the  star  is 
to  the  cast  of  the  meridian,  and  the  instrumental  exceeds  the 
apparent  polar  distance,  the  north  pole  of  the  instrument  is  to 
the  west  of  the  celestial  pc!c. 

Example.  Th«  polar  distance  of  a  UrsjB  Majoris,  when  six 
hours  west  from  the  meridian,  was  observed  to  be  27^  23'  49"*0, 
the  face  of  the  circle  btiing  we^t.  Correcting  this  for  index  er- 
ror found  above,  16".5,  and  for  refraction  30'\8,  the  result  is  27'^  ^ 
24'  36".3.  The  polar  distance  by  the  Nautical  Almanac  is  27^ 
24'  43".7.     Hence  the  |k>Ic  of  the  instrnoitnt  was  7"*4  west, 

(32,)  The  influence  of  refraction  upon  the  right  as- 
cension and  declination  of  a  star  may  be  computed  as 
follows : 

Let  A  represent  tho  true  position  of  a  star,  B  its 
apparent  position  attected  by  refraction ;  then  AB  rep- 
resents the  refraction  in  altitude.     Let  BC  represent 
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a  portion  of  an  hour  circle  passing  through  B,  and  let  AC  be  an 
aro  perpend ionlar  to  BC,  Then  ABC  may  Im  regarded  as  a  plane 
right*angied  triangle,  in  which  AC  represents  the  effect  of  re- 
firaction  in  right  ascension^  and  BC  the  effect  in  dechnation. 

Now     AC  =  AB  sin.  ABC  ;  and  BC  ==  AB  cos.  ABC. 

The  anglo  ABC,  which  we  will  represent  by  /?,  is  called  tlio 
parallactic  angle,  and  the  mcxic  of  computing  it  is  shown  in 
Art.  145.  Hence  the  refraction  in  right  ascension  is  equal  to 
the  refraction  in  altitude,  multiplied  by  the  sine  of  the  paral- 
lactic angle ;  and  the  refraction  in  declination  is  ccjual  to  the 
refraction  in  altitude,  multiplied  hy  the  cosine  of  the  parallactic 
angle.  The  refraction  in  right  ascension  is  here  expressed  in 
parts  of  a  great  circle ;  if  we  wish  to  reduce  it  to  arc  of  right 
ascension,  we  must  divide  this  result  by  the  cosine  of  the  star's 
declination,  as  shown  in  Art.  72.     Henco  %vc  have 

T.  ^      ^.  jy     ,       ref,  in  alt.  x  sin.  // 

Kefraction  in  K.  A.  —  — — -   -   v 

cos.  dec. 

Refraction  in  rec.  =  ref.  in  alt.  x  cos.  p. 

(33.)  Fourth  Adjustmefd. — Observe  the  transit  of  an  equa- 
torial star  over  the  middle  vertical  w^ire,  or  mean  of  the  wires ; 
note  the  time,  and  read  off  the  verniers  of  the  hour  circle. 
Turn  the  polar  axis  half  round,  and  observe  the  satne  star  a 
second  time  exactly  as  before.  Now  the  interval  between  the 
two  observations  should  corr€S|xind  exactly  to  the  difference  be* 
tweon  the  two  readings  of  the  hour  circle.  If  they  do  not  cor- 
respond, it  is  evident  that  one  of  the  trausits  has  been  observed 
too  early,  and  the  other  too  late,  on  account  of  the  erroneous  {po- 
sition of  the  wires.  One  half  the  difference  between  the  inter- 
val as  measured  by  the  clocks  and  that  by  the  hour  circle,  will 
he  the  error  t*f  collimatioo. 

Example.  The  following  observations  were  made  upon  <J 
Ophiuchi : 


Fara  or  I'ircte. 

Sidereal  Tini#. 

Hour  I'irrlt. 

West     .     .     . 
East      .     .     . 

1*6  \2  58.8 
16  19     9.7 

Am          ji 

0     6  51.0 
0  13     0.5 

The  interval  between  the  two  observations  is  6m,  10.9s. ; 
the  difference  between  the  two  readings  of  the  hour  circle  is 
6ra.  9.5s.     One  half  the  difference  is  0.7s.,  which  is  the  error 
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of  collimation  to  be  added  to  the  readings  of  the  hour  circle 
when  the  circle  is  east. 

(34.)  Fifth  Adjustment.  —  The  declination  axis  should  be 
placed  by  the  maker  perii^ndiealar  to  the  p^lar  axis,  and,  hav- 
ing been  once  accurately  adjusted,  is  not  liable  to  subsequent 
derangement.  The  accuracy  of  this  adjo^trnent  may  be  tested 
as  follows  :  Bring  the  declination  axis  into  a  horizontal  position 
by  means  of  a  spirit-level,  %vha,se.  legs  rest  ujx^n  the  extremities 
of  the  dechnatiou  uxi-s,  and  read  the  hour  circle.  Turn  the  po- 
lar axis  half  round  ;  bring  the  declination  axis  into  a  horizontal 
position  by  means  of  the  level,  as  before,  and  again  read  the 
hour  circio,  If  the  readings  agree  in  both  jiositions,  or  diiTer  by 
12h.  (when  the  graduation  is  to  24h.),  the  declination  axis  is 
adjusted.  If  the  readings  do  not  agree,  the  declination  axis  is 
not  perpendicular  to  the  polar  axis.  If  the  decimation  axis  is 
furnished  with  adjusting  screws,  place  the  hour  circle  half  way 
between  the  {X)sition  it  actually  has  and  that  which  it  ought  to 
occupy,  in  order  that  the  readuigs  may  ditTer  by  exactly  twelve 
hours,  and  make  the  declination  axis  horizontal  by  raising  or 
depressing  the  proper  screws. 

(35.)  This  adjustment  may  bo  tested  astronomically  as  fol- 
lows :  Observe  the  transit  of  a  star  not  less  than  45"  from  the 
equator,  in  both  positions  of  the  polar  axis,  as  directed  for  the 
fourth  adjustment.  Since  an  elevation  of  the  west  end  of  the 
declination  axis  causes  the  line  of  sight  to  describe  a  circle  to 
the  oast  of  the  pole,  all  the  transits  observed  in  that  position 
will  be  too  early ;  and,  vice  versfty  all  will  bo  too  late  when  the 
east  end  is  high,  Again,  if  the  west  end  is  too  high  before 
reversing,  the  east  end  is  too  high  after  reversing,  so  that  an 
error  of  inclination  has  a  different  effect  upon  observations  in 
reversed  positions,  and  thus  the  interval  is  increased  or  dimin- 
ished by  twice  tli©  error  of  a  single  observation.  The  law  of  the 
error  i%  that  it  varies  as  the  tangent  of  the  star's  declination. 
If  we  represent  the  int^^rval  between  the  observations,  as  meas- 
ured by  the  clock,  by  c,  and  the  interval,  as  measured  by  the 
hour  circle,  by  /«,  then 


2  tang.  dec. 
will  be  the  error  in  the  i>osition  of  the  declination  axis. 
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(36.)  Sixth  Adjustment, — Set  the  declination  axis  horizontal 
by  means  of  the  level,  when,  if  the  previous  adjiiittmeuts  have 
been  properly  performed,  the  instrument  will  be  in  the  meridian, 
and  the  verniers  may  be  set  to  zero.     Or,  clamp  the  Lnstrument  I 
approximately  in  the  meridian,  observe  the  transit  of  one  orj 
more  known  star«  not  far  from  tlie  equator,  and  correct  the  time  J 
if  observation  for  the  error  of  the  clock.     Then,  since  the  right  ] 
'ascension  of  the  star  =:  the  true  sidereal  time  of  observation,  ±: 
the  true  hour  angle  from  the  meridian,  the  true  hour  angle  is 
knownj  and  the  verniers  may  be  set  to  mark  it. 

If  it  is  proposed  to  determine  the  absolute  place  of  a  heaven* 
ly  body  by  means  of  the  equatorial,  it  is  necessary  to  deterniino 
its  errors  with  great  accuracy ;  but  this  instrument  is  chiefly 
employed  for  determining  differences  of  right  ascension  and  dec- 
lination of  objects  very  near  each  other,  in  w4iieh  case  entire  ac- 
curacy in  all  the  adjustments  becomes  of  less  importance. 


THB    MICROMETER. 

(37,)  The  object  of  tlie  micrometer  is  to  measure  small  ce- 
lestial arcs  in  the  field  of  view  of  a  telescope.  It  appears  un- 
der a  great  variety  of  forms;  but  the  one  now  most  eorutnonly 
employed  is  called  the  spider-hrio  micrometer,  or  filar  microm- 
eter. It  consists  essentially  of  tw^o  parallel  spider  lines  inserted 
in  the  common  focus  of  the  object-glass  and  eye-glusfi,  in  su(*h  a 
manner  that  they  may  be  made  to  coincide  or  be^  separated  by 
the  slow  motion  of  a  screw.  The  immber  of  revolutions  and 
parts  of  a  revolution  of  the  screw^  arc  indicatexl  by  a  s<nile  out- 
side of  the  tube,  and  this  alTords  a  measure  of  tlie  distance  of 
the  spider  lines,  or  of  any  two  celestial  objects  w^ith  which  they 
may  be  made  to  coincide. 

(38.)  The  figure  on  the  opposite  page  represents  the  spider- 
ine  micrometer,  as  made  by  Troughton.  It  consists  of  a  rect^ 
liar  box,  three  or  four  inches  long,  about  one  inch  liroad, 
ind  a  quarter  of  an  inch  in  thickness,  with  a  graduated  screw- 
head  at  each  extremity ;  aaaa  are  the  sides  of  the  box  seen 
edgewise ;  bbby  tec  are  two  forks  of  brass,  which  sUde  one 
within  the  other,  in  opposite  directions,  and  across  them  are 
atrctched  the  spider  lines  d  and  e ;  ff  are  fine  «c;rews  attached 
to  the  forks,  and,  passing  tlirough  the  ends  of  the  box,  enter 
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the  milled  heads  gg^^  with  each  of  which  b  connected  a  small 
graduated  circle.     Whenever  the  heads  gg  are  turned  in  the 


f. 

* 

k 

^ 

^ 

r 

direction  of  the  numbers  upon  thtj  circles,  the  forks  be  are 
drawn  outward  ;  and  when  they  art)  tnrtic-d  in  the  contrary  di- 
rection, the  springs  hh  push  t!ic  forks  inward,  and  thus  prevent 
any  los&  of  motion  in  the  screw.  The  screws  have  about  100 
threads  to  the  inch,  so  that  one  revolution  of  the  head  g  car- 
ries the  line  d  over  tJie  hundredth  part  of  an  inch.  The  cir- 
cumference of  tlie  circle  attached  to  the  head  g  is  divided  into 
a  hundred  equal  parts,  so  that  tho  motion  of  the  head  g*  through 
one  of  these  divisions  advances  the  Une  d  through  one  tt-n  thou- 
sandth part  of  an  inch-  The  long  line  /,  running  at  right  angles 
to  tlie  small  ones,  sliould  be  placed  parallel  to  the  two  objects 
whose  distance  is  to  be  measured. 

On  one  side  of  the  field  of  view  is  a  notched  scale  of  teeth, 
corresponding  in  size  to  the  threads  of  the  screw,  Evtzry  fifth 
one  is  cut  deeper  than  the  rest,  and  tliey  are  numbered  from 
zero,  at  the  centre,  by  tens,  in  each  direction.  The  spider  lines 
may  be  made  to  coincide  at  zero,  which  is  represented  by  the 
small  circular  liole  made  near  the  middle  of  the  scale,  and  they 
may  be  made  to  glide  by  each  other  a  short  distance,  e  passing 
very  close  under  d. 

(39.)  In  order  to  measure  any  distance,  as,  for  example,  the 
Sim's  diameter,  turn  one  of  the  heads  until  tJie  attached  lino  is 
drawn  15  or  20  notches  to  the  left  of  zero,  and  the  other  head 
in  the  contrary  direction,  until  d  may  be  made  to  touch  one 
limb  whUe  e  touches  the  other.  Read  off  in  the  field  of  view 
how  many  notches  have  been  passed  over  by  each  wire,  and  the 
fractional  part  of  a  revolution,  on  the  divided  heads.  The  sum 
of  the  two  quantities  will  i^ive  the  whole  number  of  revolutions 
and  parts  indicated.    If  the  distance  to  be  measured  is  smaU*  it 

a 
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will  only  be  necessary  to  move  one  of  the  lines  while  the  other 
remains  at  zero. 

The  micrometers  made  at  Munich  difler  from  the  preceding 
in  having  but  a  single  graduated  head,  and  only  one  of  thi3 
threads  is  designed  to  be  moved  in  observations.  The  other 
tliread  is  only  allowed  a  slight  motion  to  adjust  for  index  error. 

To  find  fhv  value  of  one  revolution,  of  the  screw, 

(40.)  First  Melkod,^ — Find  how  many  re%^olations  of  tlio 
screw  will  exactly  measure  the  vertical  diameter  of  the  sun 
^vhen  his  altitude  is  considerable,  allowance  being  made  for  the 
difference  of  refraction  ot  the  upper  and  lower  limbs.  The 
whole  diameter,  as  given  by  the  Nautical  Almanac,  reduced  to 
seconds,  and  divided  by  the  number  of  revolutions  and  deeiinal 
parts  observed  on  the  head  of  the  screw,  will  give  the  value  of 
a  single  revolution. 

Example,  When  the  sun's  altitude  was  40  '  30',  Ixis  vertical 
diameter  was  measured  by  40.98  revolutions  of  the  micrometer 
screw.  The  sun's  diameter,  according  to  the  Nautical  Ahuanac, 
was  31'  31".2.  The  rt^fraction  of  the  lower  limb  was  computed 
to  be  1^2  greater  than  that  of  the  upi>cr  limb ;  hence  the  ap- 
parent vertical  diameter  of  the  sun  was  isOO".  Therefore,  the 
value  of  one  revolution  of  llie  scre%v  was 

(41.)  Second  Method. — Separate  the  two  lines  by  any  con* 
veniont  number  of  revolutions,  and  observe  tho  time  required 
by  an  equatorial  star  to  pass  from  one  line  to  the  other.  We 
thus  obtain  the  interval  between  the  two  lines  in  seconds  of 
time,  which*  divided  by  the  number  of  revolutions,  gives  the 
value  of  one  revolution  of  the  .^crew.  This  result  will  be  the 
more  reliable,  the  greater  the  distance  between  the  lines,  because 
the  unavoidable  error  in  estimating  a  fraction  of  a  second  of 
time  is  reduced  by  a  larger  divisor;  and  the  observation  should 
be  repeated  until  a  satisfactory  result  is  obtained.  The  same 
result  may  be  obtained  from  a  star  situated  out  of  the  equator, 
by  reducing  the  observed  interval,  in  the  manner  described  in 
Art.  12.  This  method  will  be  illustrated  by  an  example  with 
the  transit  instrument,  Art,  73. 
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POSITION    MICROMETER. 

(42.)  It  is  often  required  to  measure  the  angle  which  the 
line  joining  the  centres  of  two  etars  makes  with  Uio  meridian. 
This  is  eflected  hy  means  of  rack-work  and  a  screw,  carrying 
the  spider-line  micrometer  round  in  a  circle,  at  right  angles  to 
the  axis  of  the  telesco|>e, 
and  the  motion  is  meas* 
lued  hy  means  of  a  grad- 
uated circle. 

The  annexed  figure  rep- 
resents the  spider*Uno  mi- 
crometer attached  to  the 
end  of  a  telescope,  and  hav- 
ing, hesiJes,  a  graduated 
circle,  AA,  with  a  milled 
head,  S,  acting  upon  a  con- 
cealed rack,  hy  which  the 
micrometer,  BB,  may  be 
made  to  revolve  entirely 
round  the  axis  of  the  tele- 
scope. This  motion  is  measured  upon  the  circle  AA  by  meane 
of  the  fixed  index  C. 

In  order  to  measure  the  angle  of  position  of  two  stars,  point 
the  telescope  upon  one  of  the  stars,  and  turn  the  ndcrometer 
imtil  the  hoc  /  (sec  figure,  page  33)  is  made  to  bisect  the  star 
during  the  whole  time  of  its  crossing  tho  field  of  view ;  this 
line  will  then  be  parallel  with  the  equator.  Let  the  index  of 
the  position  circle  now  bo  put  to  zero.  Then  revolve  the  mi- 
crometer until  the  line  /  can  be  made  to  bisect  both  stars  at  the 
same  time,  and  note  the  reading  of  the  position  circle.  This 
will  be  the  angle  of  position  measured  from  a  parallel  of  decli- 
nation, as  practiced  by  Sir  William  Herschel. 

(43.)  An  equatorial,  furnished  with  a  micrometerj  aflTords  the 
most  convenient  means  of  determining  tho  position  of  a  comet, 
by  comparing  it  with  some  neighboring  star.  The  method  of 
observation  is  as  follows :  The  equatorial  having  been  previous- 
ly adjusted  J  point  the  telescope  upn  some  convenient  star,  and 
make  tiie  wire  /  of  the  micrometer  (see  figure,  page  33)  parallel 
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to  the  equator,  which  is  known  to  be  the  case  when  a  star  will 
travel  along  the  wire  during  its  passage  through  the  iuhl  of  the 
teleseo|H^  Then  turn  the  circle  90'^,  and  the  hue  /  will  be  per- 
pendicular to  the  eqiiater.  Now  point  the  telescope  upon  the 
comet,  and,  having  clamped  botli  the  hour  and  dL'clination  cir- 
cles very  firmly,  note  by  the  clock  the  time  when  the  comet ' 
passes  over  the  wire  /,  bisecting  it  at  the  same  time  by  the  wire 
e.  Wait  till  the  star  of  comparison  pusses  over  the  field,  note 
its  transit  over  the  wire  /,  and  bisect  it  in  declination  with  the 
wire  rf,  by  turning  the  head,  ^,  of  the  micrometer  screw.  Then 
the  diflcrenco  of  the  times  of  observation  gives  the  ditlerence  of 
right  ascension  between  the  comet  and  star,  and  the  diJFerence 
of  declination  is  taken  from  the  micrometer.  If  the  place  of 
the  star  of  comparison  is  not  already  known,  it  must  be  after- 
ward observed  by  meridian  instruments,  and  then  the  place  of 
the  comet  is  deduced  with  the  greatest  accuracy. 
(44.)  Metkoil  of  iiluminating  the  Lines, 
Hitherto  it  has  been  presunied  that  the  spider  lines  in  the 
micrometer  will  be  visible  in  all  celestial  observations,  made  by 
night  as  well  as  by  day ;  whereas,  in  all  nocttirnnl  observations, 
artificial  light  is  reifuired  to  render  the  lines  of  the  niicrometer 
visible.  This  light  is  supplied  liy  o|>ening  a  circular  hole  in  the 
Bide  of  the  main  tabe>  before  which  a  lamp  is  suspended,  and 
placing  an  oval  ring  of  gilt  metal,  deadened  so  as  to  rcHeet  a 
mitigated  light  up  the  teleseoi>e,  at  a  proper  angle  of  incUnation 
w4thin  the  tube.  In  order  to  regulate  the  quantity  of  light,  so 
as  not  to  conceal  faint  stars  from  view,  variable  diaphragms  may 
be  interposed,  or  darkening  glasses  of  different  shades  of  color. 

By  means  of  a  small  lamp, 
fitted  to  an  aperture  in  the  tube 
next  to  the  eye-piece,  the  wires 
may  be  illuminated  while  the 
field  remains  dark,  thus  enabling 
the  observer  to  have  brii»ht  lines 
//  and  a  dark  field,  or  a  bright  field 
and  dark  lines,  at  pleasun;. 

The  annexed  diagrnm  rr  pre- 
sents the  illuminated  lines  as 
they  are  usually  arranged  in  a 
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small  transit  instrument,  with  a  star  just  going  off  on  the  left 
side,  and  the  planet  Venus  a])])roaching  to  the  first  wire. 

(45.)  Sir  William  Hersehel  \vas  aceustomed  to  distinguish 
angles  of  position  by  the  terms  norths  J oHotaing^  souths  precede 
ifiijc ;  which  words  were  designated  by  the  initials  n^  J\  5,  p ; 
and  he  measured  angles  only  up  to  90"^ ;  beginning  at  the  pre- 
ceding and  following  points,  and  reading  each  way,  north  and 
south,  up  to  90'^  It  is  now  more  common  to  measure  angles 
of  {Tosition  from  the  north  jxiint  by  the  east,  round  to  360^» 
The  IVdknving  diagram  shows  both  forms,  as  used  in  the  re- 
versed field  of  a  telescop^3. 
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COMET-SEEKER. 


(46,)  The  c^mct'Seeker  is  a  tclescojie  having  an  object-glass 
of  large  aperture  and  short  fooal  length,  with  which  low  mag- 
nifying powers  are  used,  that  it  may  have  a  largo  field  of  view, 
and  collect  the  greatest  possible  amount  of  light.  The  figure 
on  the  next  page  represents  such  an  instrument  mounted  equa- 
torially.  It  rests  upon  a  tripod j  with  foot  screws,  H,  H,  H,  for 
leveling.  From  the  tripod  rises  a  vertical  shaft,  whose  upper 
extremity  is  enlarged  for  the  support  of  an  axis,  P,  parallel  to 
the  axis  of  the  earth.     To  this  is  attached  an  hour  circle,  Gr, 
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graduated  to  hours,  minutes,  and  seconds ;  and  upon  its  edge 

are  cut  threads,  to  receive  an 


endless  screw,  M,  which  com- 
municates a  slow  motion 
about  the  axis.  At  right  an- 
gles to  the  polar  axis  is  the 
decUnation  axis,  with  its  cir- 
1#    &  9  ®''®'  ^'  divided  into  degrees 

glf^^Sy-j  y  I  and  minutes,  and  having  also 

TjT^^Hf     ^  tangent  screw  for  slow  mo- 

*         '  tion.     The  telescope  tube,  T, 

is  of  the  ordinary  construc- 
tion, and  is  accurately  coun- 
terpoised by  the  weight  W. 
The  shaft  has  a  level,  L,  for 
adjusting  it  to  a  vertical  po- 
sition by  means  of  the  foot 
screws,  and  a  tangent  screw, 
bd,  gives  a  slow  motion  in 
azimuth. 

(47.)  The  adjustments  of 
this  instrument  are  the  same 
as  those  of  a  large  equatorial ; 
but  inasmuch  as  it  is  design- 
ed merely  to  scour  the  heav- 
ens in  search  of  comets,  and 
not  for  accurate  observations  of  position,  no  great  precision  is 
usually  aimed  at  in  the  adjustments. 


CHAPTER  II 

THE  TRANSIT  INSTRUMENT. 

(48.)  The  transit  is  a  meridional  instrument^  employed,  in 
connection  with  a  clock  or  chronometer,  for  observing  the  pas- 
sage of  celestial  objects  across  the  meridian,  either  for  obtain- 
ing correct  time  or  determining  their  right  ascensions. 

(49.)  The  figure  on  the  next  page  represents  a  jiortable  transit 
instniment.  The  telescope  tube,  AA,  Is  supported  upon  an  axis, 
BB,  placed  at  right  angles  to  the  direction  of  the  teleseope. 
This  axis  terminates  in  two  cylindrical  pivots  which  rest  in  Y's, 
which  are  strongly  united  to  the  two  uprights  CC.  The  stand 
CDC  J  carrying  the  Y's,  is  made  of  cast-iron,  and  should  be  made 
of  a  single  piece,  in  order  to  secure  a  steady  and  permanent  |X)- 
sition.  At  the  left  end  of  the  axLs  there  is  a  screw,  E,  by  which 
the  Y  of  that  extremity  may  be  raised  or  lowered  a  Uttle,  in 
order  that  the  axis  may  be  made  perfectly  horizontal.  At  the 
right  end  of  the  axis  is  a  screw,  F,  by  which  the  Y  of  that  ex- 
tremity may  be  moved  backward  or  forward,  in  order  to  enable 
OS  to  bring  the  telescope  into  the  plane  of  the  meridian.  Nesur 
the  right  end  of  the  axis  is  fixed  a  circle,  G,  which  turns  with 
the  axis,  while  the  vernier,  H,  remains  stationary  in  a  horizon- 
tal position,  and  shows  the  altitude  to  which  the  telescope  is 
elevated.  The  vernier  is  set  horizontal  hy  means  of  an  attached 
spirit  level,  L  The  level  KK  rides  on  the  pivots  of  the  axis. 
There  is  a  pin  at  each  end,  which  drops  into  a  fork  at  L,  to  hold 
the  level  safely  and  upright.  At  the  left  end  is  the  adjustment 
for  settmg  the  level  tube  parallol  with  the  axis.  At  the  other 
end  is  an  adjustment  for  raising  or  depressing  the  extremity  of 
the  level. 

(50.)  Near  the  eye  end,  and  in  the  principal  focus  of  the 
telescope,  is  placed  the  diaphragm  or  wire  plate,  carrying  five 
or  seven  vertical  wires,  aod  two  horizontal  ones,  between  which 
the  star  is  observed.  The  central  vertical  wire  ought  to  be 
fixed  in  the  optical  axis  of  the  telescope,  and  perpendicular 
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with  respect  to  the  pivots  of  the  axis.  These  wires  are  rendered 
visible  ill  the  day  time  by  the  dirtuse  light  of  day,  which  pene- 
trates the  tube  of  the  telescope  ;  but  at  night,  artificial  illu- 
mination is  reqiiired*  This  ilhimination  is  eHccted  by  piercing 
one  of  the  pivots,  and  admitting  the  light  of  a  lamp,  M,  fixed 
on  the  top  of  one  of  the  standards.  This  hght  is  directed  to 
the  wires  by  a  reflector,  placed  diagonally  at  the  junction  of 
the  axis  and  telescope  ;  the  reflector  having  a  large  hole  in  its 
centre,  so  as  not  to  interfere  with  the  rays  passing  down  the 
telescope  from  the  object.  By  inclining  the  opening  of  the 
lantern,  more  or  less  light  may  be  admitte*!  to  the  telescope,  to 
accommodate  faint  objects,  which  might  bo  entirely  eclipsed 
by  a  bright  light.  The  telescope  is  furnished  with  a  diagonal 
eye-piece,  W,  by  which  stars  near  the  zenith  may  he  obsprved 
without  iiiconvemence.  The  head  of  the  micrometer  &crcw  is 
shown  at  P, 

(51.)  A  transit  instrument  fur  a  large  obscrv^atorj"  diflers  from 
tlie  preceding  chiefly  in  being  of  larger  dimensions,  and  resting 
upon  stone  piers  insteatl  of  a  movable  frame.  The  figure  on 
the  next  page  represents  such  an  instrument,  as  made  by  Ertcl 
and  Son,  of  Munich.  PP  are  the  stone  piers,  which  rest  upon 
foundations  sunk  deep  in  the  earth.  The  axis  of  the  tclest^c»|)e 
is  made  strong,  so  as  to  resist  flexure,  and  was  cast  in  a  single 
piece,  the  middle  part  of  it  being  in  the  form  of  a  cube.  The 
telescope  tulie  is  com|K)sed  of  two  cunical  frustums,  which 
are  fastened  by  screws  to  the  cubical  part  of  the  axis.  The 
weight  of  a  seven-feet  transit  is  about  200  pounds.  In  order 
that  the  pivots  may  be  relieved  from  a  iK>rtion  of  this  weight, 
there  is  raised  upon  the  top  of  each  pier  a  brass  pillar,  E,  about 
18  inches  high.  On  the  top  of  the  pillar  there  is  a  lever,  H, 
from  one  end  of  which  hangs  a  strong  brass  hook,  X,  support- 
ing two  friction  rollers  under  the  ends  of  the  great  axis.  A 
counterpoise,  W,  sliding  on  tJie  other  end  of  the  lever,  may  be 
made  to  support  as  much  of  the  weight  of  the  instrument  as  bi 
desired. 

(52.)  Both  the  pivots  of  the  axis  are  perforated  to  admit  the 
light  of  a  lamp,  on  an  elliptic-ring  reflector  placed  inside  the 
square  part  of  the  axis.  To  moderate  the  hght  of  the  lamji, 
L,  there  is  a  green  glass  wedge,  movable  up  and  down  between 
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the  lamp  and  pivot.  The  thinnest  part  of  the  wedge  traosmib 
nearly  all  the  Ught  of  the  lamp,  while  the  thiekej?t  part  trans- 
raits  only  as  much  light  as  is  barely  sufficient  to  show  the 
spider  liiies.  On  each  side  of  the  eye  end  of  the  telescope  is  a 
finding  cirole,  Dj  with  a  level,  by  which  the  telescope  can  be  set 
to  any  zenith  distance. 

There  are  also  in  the  eye-tube,  at  the  back  of  the  pkte  car- 
rying the  spider  lines^  two  oblong  openings  covered  %vilh  glass. 
A  lighted  taper  held  near  cither  of  these  apertures  illumines  the 
lines  without  enlightening  the  field  of  view,  by  which  means 
very  small  stars  can  be  observed,  which  could  not  be  seen  by 
the  ordinary  illumination.  Z  represents  the  handle  of  the  screw 
which  fastens  the  clamp  arm  to  the  axis  of  the  instrument ;  B 
and  C  are  handles,  by  which 
a  slow  motion  in  altitude  is 
given  to  the  telescope ;  00 
is  the  eye-piece,  with  spider 
lines,  niicromcter,  etc. 

(53.)  It  is  frequently  neces- 
sary to  reverse  the  axis  of  the 
transit  instrument,  and  large 
telescof>es  need  some  special 
contrivance  by  which  tliis 
may  be  readily  accomf>lished. 
The  most  convenient  appara- 
tus for  this  purpose  is  a  revers- 
ing stand,  represented  in  the 
annexed  figure.  The  stand, 
being  on  rollers,  is  brought 
under  the  axis  of  the  transit, 
when,  by  turning  tlie  handle 
K,  the  rod  MN  is  elevated  by 
means  of  a  screw,  and  the 
instrument  lifted  from  the 
piers  by  means  of  the  forks 
RR.  The  stand  is  then  rolled 
away  from  between  the  piers, 
and  the  instrument  turned 
half    round      The    stand    is 
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ELgain  rolled  between  the  piers,  aod  the   axis  returned  to  us 
place. 


ADJUSTMENTS, 

(54.)  "Wlien  the  instrument  is  set  up,  it  should  bo  so  placed 
that  the  telescope,  if  turned  down  to  the  horizon^  may  point 
north  and  south  as  near  as  can  possibly  be  ascertained.  This, 
of  course,  can  only  be  done  tipproxiniately,  as  the  meridian  can 
not  be  accurately  determined  until  the  other  adjustments  have 
been  completed. 

Distinchirss  of  inswn  and  parallax. 

(;>5,)  The  system  of  wires  or  spidrr  lines  should  bo  m  the 
common  focus  of  the  object-glass  and  eye-glass.  In  order  to 
place  the  lines  in* the  focus  of  the  eye-glass,  push  in  or  draw 
out  the  eye-tube  imtil  they  are  seen  with  perfect  distinctness. 
Now,  if  tho  wires  are  not  in  the  focus  of  the  object-glass  when 
the  telescoj>e  is  directed  toward  a  distant  mark,  if  tlie  eye  be 
moved  a  little  to  the  riglit  or  left,  the  mark  will  appear  to  move 
with  reference  to  the  lines.  When  this  is  the  case,  tho  object- 
glass  or  the  wires  must  Ife  moved  in  the  tube  nntU  the  [jarallax 
is  corrected^  after  which  they  must  be  secured  firmly  to  their 
places.  After  the  transit  has  been  placed  in  the  meridian,  and 
the  wires  adjusted  as  described  hereafter,  let  a  star  run  along 
the  horizontal  wire,  and  if  it  does  not  remain  j>erfectly  bisected 
while  tho  eye  is  moved  up  and  down,  the  adjustment  for  par- 
allax is  not  complete. 

HorizimtaHtif  of  the  axis. 

{5ij.)  Tlie  axis  on  which  the  telescope  turns  must  next  be 
made  horizontal  This  is  effected  by  means  of  the  level.  Tlie 
level  is  a  glass  tube,  apparently  cylindrical,  but  in  reality  a  por- 
tion  of  a  ring  of  very  targe  radius,  nearly  filled  with  spirit  of 
win©  or  sulphuric  ether.  The  convex  side  being  plac4?d  upward, 
a     ^  the  bubble  will  occupy  the  liigher  part, 

as  ab ;  and  if  either  end  of  the  level 
be  elevated,  the  bubble  will  move  in 
that  direction.  It,  then,  a  divided  scale  be  attached  to  the  level, 
the  motion  of  the  bubble  will  measure  the  elevation  of  the  end 
of  the  level.  The  figure  on  the  opjx»site  page  shows  the  com- 
mon form  of  level,  which  should  be  made  of  such  dimensions, 
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that  the  legs  may  extend  from  one  pivot  of  the  transit  instru- 
fiient  to  the  gther* 


40      30       10  fO        O        to      16      30       40 
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Fig".  1  represents  a  front  view  of  the  level,  Fiffs.  2  and  3  rep 

Fij,  2.  resent  end  views  of  the  legs.     The  level     Fip.  3. 

J  J^rrjTel^s'  consists  of  a  glass  tube,  Gij,  whkh  lies  ^  T 
^1_j1  r  jj^  ^  mmi-cyluiilGT  of  brass,  BB,  and  is 
secured  to  it  by  two  thin  brass  straps, 
DD,  The  cylinder  is  connected  with  ^ 
one  leg  of  the  level  by  tlie  two  screws, 
88',  seen  in  Fig.  2,  and  with  the  other 
The  screws  8S' 


\r\i 


irv 

leg  by  the  screws  TT^,  seen  in  Fig-,  3. 
serve  to  move  the  cylinder  BB  in^  a  horizontal  direction ;  the 
screws  TT'  serve  to  move  it  in  a  vertical  direction.  Each  foot 
of  the  level  has  two  planes,  inclined  at  an  angle  of  60  to  90  de* 
grees,  which  are  designed  to  rest  upon  the  pivots  of  the  transit 

(57.)  The  level  should  be  so  adjusted  that  its  axis  may  be 
parallt^i  with  the  axis  uf  the  transit.  For  tliis  purpose,  place  tho 
level  upon  the  pivots  of  the  axis,  and  bring  the  air-bubble  to  the 
centre  of  the  glass  tube  by  turning  the  screw  which  raises  or 
bwers  the  end  of  the  axis.  Then  reverse  the  level  so  that  the 
end  which  before  rested  on  the  right  pivot  may  rest  on  the  left 
If  the  bubble  settles  in  the  same  |Kisition  as  before,  we  maj  con- 
clude that  the  axis  of  the  transit  is  horizontal ;  but  if  the  bub- 
ble moves  from  its  former  position,  the  an»ount  of  this  motion 
will  be  equal  to  twice  the  inclination  of  tho  axis  to  the  horizon. 
Turn  the  screw  at  the  end  of  the  axis  so  as  to  move  the  bubble 
over  half  this  distance  ;  then  loosen  one  of  tho  screws,  TT',  Fig. 
3,  and  tighten  the  other,  until  the  bubble  is  brought  back  to  the 
middle  of  the  tube* 

Since  it  is  difficult  to  make  this  adjustment  perfect  at  a  sin- 
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gl©  trial,  we  must  repeat  the  same  series  of  operations  until  the 
bubble  occupies  the  same  place  in  both  the  direct  and  reversed 
positions  of  the  level  When  tliis  is  aecoinpliyheii,  the  axis  of 
the  level  will  be  in  a  plane  which  is  parallel  to  the  axis  of  the 
transit,  but  the  two  axes  will  not  necessarily  bo  parallel  with 
each  other.  To  detenuine  whether  such  is  the  case,  revolve  the 
level  slightly  ii|>on  the  axis  of  the  transit^  the  feet  of  the  level 
remaining  all  the  while  in  contact  with  the  pivots.  If  the  bub- 
ble clmnges  its  place,  the  axis  of  the  level  must  be  inclined  to 
the  axis  of  the  transit^  and  we  must  turn  the  screws  88%  Fi^, 
2,  cither  forward  or  backward ,  until  a  slight  rotation  of  the  level 
about  the  axis  of  the  transit  causes  no  sensible  change  in  the  po- 
sition of  the  bubble.  When  this  second  correction  is  completed, 
the  former  must  be  v^ified  anew, 

(58.)  To  discover  whether  the  level  is  well  made^  place  it 
upon  a  rule,  having  at  one  end  two  points,  which  enter  two  cor- 
res[K>ndiiig  cavities  upon  an  iron  bar,  while  at  the  other  end  of 
the  rule  is  a  delicate  micrometer  screw,  pressing  firmly  against 
a  cavity  in  the  iron  bar.  The  whole  must  be  plact;d  u|x>n  a 
very  firm  support.  Then,  upon  turning  the  micrometer  screw 
so  as  to  change  the  inclination  of  the  level  to  tlie  horizon,  it  will 
be  easily  seen  whether  equal  parts  of  a  rotation  of  the  screw 
correspond  to  equal  movements  of  the  bubble  along  the  glass 
tube.  When  this  is  the  case,  the  level  is  good.  By  means  of 
this  arrangement  we  may  easily  determine  the  value  of  one  di- 
vision of  the  level,  expressed  in  seconds  of  arc.  Measure  the 
distance  of  the  cavity  in  which  the  nucromcter  screw  rests  from 
the  middle  of  tlie  line  connecting  the  two  other  cavities  in  the 
iron  bar,  and  represent  this  distance,  expressed  in  inches  and 
l>arts  of  an  inch,  by  (L  Count  the  number  of  threads  contained 
in  an  inch  upon  the  screw,  from  which  we  can  determine  the 
distancfi  between  two  threads,  expressed  in  parts  of  an  inch. 
Represent  this  distance  by  6.  Then,  it  is  plain  that  the  incli- 
nation of  the  level  to  the  horizon  will  be  changed  in  one  revo- 
lution of  the  screw  by  an  angle  equal  to  A^r     I^?  therefore, 

we  know  how  many  divisions  of  the  level  correspond  to  one  rev- 
olution of  the  screw,  we  may  determine  the  value  of  one  division 
of  the  level,  expressed  in  parts  of  a  second. 
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(f59,)  We  may  also  iletermine  the  value  of  one  division  of  the 
level  in  tli6  following  manner  t 

Fix  tlie  level  to  the  tube  of  a  telescope  connected  with  a  vert* 
ical  divided  circle  reading  to  seconds.  Move  the  teleseopo  hy 
means  of  the  tangent  screw,  so  as  to  carry  the  bubble  success- 
ively to  one  side  and  the  other  of  the  level,  and  read  oil'  the  cir- 
cle in  the  two  positions.  The  difference  of  these  readings  in 
seconds,  divided  by  the  number  of  divisions  of  the  level  that  the 
bubble  has  moved,  will  give  the  value  of  one  division.  Delicate 
levels  are  generally  designed  to  be  divided  in  such  a  manner 
that  one  divLsion  shall  represent  one  second  of  arc.  At  one  end 
of  the  level-tube  are  small  screws,  by  which  tliat  end  may  be 
elevated  or  depressed,  so  as  to  bring  the  bubble  into  the  middle 
of  the  tube  when  the  level  is  placed  on  a  horizontal  surface. 
PerpendieMiaritf/  of  (he  wires, 

(60.)  It  is  desirable  that  the  central  or  middle  wire  should 
be  truly  verticalj  as  we  may  then  observe  the  transit  of  a  star 
tJR  any  part  of  it  as  well  as  the  centre.  For  this  purpose,  direct 
the  telescojic  upon  a  small,  welUdefined,  and  distant  object  If, 
on  moving  the  telescope  in  altitude,  this  mark  is  perfectly  bi- 
sected by  the  central  wire  from  top  to  bottom,  tlie  wire  is  per- 
t}endieular  to  the  horizontal  axis.  If  not,  the  ring  or  tube  con- 
taining the  wires  must  be  turned  round  until  the  maik  is  bi- 
sected by  every  part  of  the  wire.  The  other  vertical  wires  are 
placed  by  the  maker  as  nearly  as  iiossible  equidistant  from  ^.ach 
other,  and  parallel  to  the  middle  one ;  therefore,  when  the  mid- 
dle one  is  adjusted,  the  others  are  also  adjusted.  The  trans- 
verse wires  are  also  placed  at  ri^ht  angles  to  the  vertical  mid- 
dle wire, 
^^^L  ColUmation. 

^^V  (61.)  The  optical  axis  of  a  lens  is  the  line  which  joins  the 

^K  centres  of  the  spherical  surfaces  by  which  the  lens  is  bounded. 

^1  When  a  telescojie  is  properly  constructed,  the  axes  of  the  object- 

^m  glass  and  eye-glass  must  lie  in  the  straight  lino  which  joins  the 

H  centres  of  the  object-glass  and  eye-glass.     This  straight  line  is 

H  called  the  optical  axis  of  the  telescope. 

^M  Tlte  principal  hue  of  sight,  or  the  line  of  colli matiofij  is  dc- 

^B  termined  by  tlie  direction  of  the  ray  of  Ught  which  passes 

H  through  the  centre  of  the  object-glass,  and  touches  the  middle 
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vertical  thread  midway  between  the  two  liorizontal  thread?.    In 
the  rotation  of  the  telescope  about  its  axis,  the  lino  of  coUima- 
tion  should  descril>e  a  plane  perpendicular  to  this  axis.     To  de- 
tormine  whether  such  ia  actually  the  ca^e,  direct  the  telescope 
to  some  small,  weU-dclmed,  and  di^stant  objecti  and  bisect  it  with 
the  middle  vortical  wire.     Then  hft  the  telescope  very  carefully 
from  its  sup|>orts,  and  replace  it  with  the  axis  reversed.     Point ' 
the  teleseopo  again  to  the  same  object,  and  if  it  be  still  bisected^  ■ 
the  colli mation  adjustment  is  correct;  if  not,  move  the  wires j 
one  half  the  error  by  torniog  the  small  screws  which  hold  the 
diaphragm,  near  the  eye  end  of  the  telescope*     But  as  half  the 
deviation  may  not  be  correctly  estimated  in  moving  the  wires, ' 
it  becomes  necessary  to  verify  the  adjustment  by  moving  the ' 
telescope  tlie  other  half,  which  is  done  by  turning  the  screw  Pj 
(feee  figuru,  page  40).     Having  again  bisected  the  object,  reverse  I 
the  axis  as  before,  and,  if  half  the  error  was  correctly  estimated|( 
the  object  will  be  bisected  when  the  telescope  is  directed  to  it. 
If  this  is  found  not  to  be  the  case,  half  the  remaijiing  error  must^ 
be  corrected  as  before,  and  these  operations  must  be  continued 
until  the  object  is  found  to  be  bisected  in  both  positions  of  the 
axis.     Tlie  adjustment  will  then  be  complete. 

POSITION    IN    THE    MERIDIA!^. 

(62.)  Thijg  adjustment  is  effected  with  the  assistance  of  a 
cIocJl,  which,  for  convenience,  should  be  regulated  to  sidereal 
time,  so  that  the  time  of  each  star's  passing  the  meridian  will 
be  indicated  by  its  right  ascension. 

By  the  poie  star, 

(63.)  Direct  the  telescope  to  the  pole  star  at  the  instant  of 
its  crossing  the  meridian,  as  near  as  the  time  can  be  ascertained. 
The  transit  will  then  be  nearly  in  the  plane  of  the  meridian. 
Having  leveled  the  axis,  turn  the  telescojMJ  to  a  star  about  to 
oross  the  meridian,  near  the  zenith.  Since  every  vertical  circle 
intersects  the  meridian  at  the  zenith,  a  zenitli  star  will  crass  tlio 
field  of  the  telescope  at  the  same  time,  whether  the  plane  of  the 
traniiit  coincide  with  the  meridian  or  not.  At  the  moment  the 
star  crosses  the  central  wire,  set  the  clock  to  its  right  ascension, 
as  given  by  the  catalogue,  and  the  clock  will  henceforth  itulicato 
nearly  sidereal  time.     The  approximate  times  of  the  upper  and 
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lower  culmmation  of  the  pole  star  are  then  known.  Observe 
the  pole  star  at  one  of  its  culminations,  following  its  motion  nn- 
til  the  clock  indicates  its  right  aseen^ion^  or  its  right  ascension 
plus  12  hours.  Move  the  whole  frame  of  tlie  transit,  so  that 
the  central  wire  shall  coincide  nearly  with  the  star,  and  com- 
plete the  adjustment  by  means  of  the  azimuth  screw.  The  cen- 
tral wire  will  now  coincide  ainiost  precisely  with  the  meridian 
of  the  place. 

(64.)  The  axis  being  ssupposed  perfectly  horizontal,  if  the  mid- 
dle wire  of  the  telescope  is  exactly  in  the  meridian,  it  will  bi- 
sect the  circle  which  the  pole  star  describes,  in  24  sidereal  hoors, 
round  the  pt^lar  point.  If,  then,  the  interval  between  the  upjier 
and  lower  culniinations  is  exactly  equal  to  the  interval  between 
the  lower  and  upper,  the  adjustment  is  complete.  But  if  the 
time  elafised  while  the  sta.r  is  traversing  the  eastern  semicircle 
is  greater  than  that  of  traversing  the  western,  the  plane  in 
which  the  telescope  moves  is  westward  of  the  true  meridian  on 
tlie  north  horizon ;  and  vice  versa^  if  the  wastern  interval  is 
greatest.  This  error  must  be  corrected  by  turning  the  screw  F 
(page  40).  The  adjustment  must  then  be  verified  by  further 
observations,  until,  by  continued  approximations,  the  instrmnent 
is  fixed  correctly  in  the  meridian. 

By  a  pair  of  circumpolar  stars. 

(65,)  Take  two  well-known  circumpolar  stars,  the  nearer  the 
pole  the  better,  differing  about  twelve  hours  in  right  ascension, 
and  observe  one  above  and  the  other  below  the  pole.  Now  it  is 
evident  that  any  deviation  of  the  instrument  from  the  meridian 
will  produce  contrartf  eifects  upon  the  observed  times  of  transit. 
Hence  the  time  which  elapses  between  the  two  observations 
will  differ  from  the  time  which  should  elapse  according  to  the 
catalogue,  by  the  sum  of  the  effects  of  the  deviation  upn  the 
two  stars.  The  stars  d1  Cephei  and  6  Ursm  Minoris  are  well 
suited  to  this  purpose.  The  right  ascension  of  the  former  on  the 
1st  of  January,  IHSl,  was  5h.  44m.  55s. ;  of  the  latter,  18k  lOm, 
138.  The  difference  between  the  times  at  which  one  should 
make  its  upper  and  the  other  its  lower  transit  is  34m.  42s.  If 
the  observed  interval  differs  from  this,  the  error  must  be  cor. 
rected  by  the  azimuth  screw,  and  the  observations  repeated  un- 
til the  adjustment  is  perfect. 
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Bi/  the  poie  star^  combined  with  any  star  distant  from  the 
pole, 

(66.)  If  the  transit  moves  in  tho  plane  of  the  raeridiant  the 
error  of  the  clock,  as  determined  by  the  culmination  of  the  pole 
star,  will  be  exactly  the  same  as  from  any  other  star  situated, 
for  example,  near  tho  equator.  But  if  the  transit  describes  a 
vertical  circle  which  differs  from  the  meridian,  the  pole  star  will 
bo  longer  in  crossing  from  the  transit  plane  to  the  true  meridian 
than  the  equatorial  star.  If,  then,  the  two  stars  do  not  indicate 
the  same  clock  error,  the  azimuth  screw  must  be  moved  until 
the  adjustment  is  perfect. 

Bij  a  high  and  low  star, 

(67.)  This  method  may  he  practiced  in  situations  which  do 
not  permit  an  observation  of  the  pole  star.  Choose  two  stars 
differing  but  little  in  right  ascension,  one  of  them  passing  the 
meridian  as  ne^r  as  jiossible  to  the  zenith,  and  the  other  as  near 
as  convenient  to  the  south  horizon.  Make  the  axis  of  tho  transit 
perfectly  horizontal,  so  that  the  transit  shall  describe  a  verlieal 
circle.  This  circle  will  coincide  with  the  meridian  at  the  ze- 
nith, however  much  it  may  depart  from  it  at  the  horizon.  A 
star  near  the  zenitli  will  pass  the  middle  wire  of  the  telescope  at 
about  the  same  time  as  if  the  transit  was  in  the  meridian  ;  but 
this  will  not  be  the  case  with  a  star  near  tho  south  horizon.  If ' 
the  low  star  passes  tlie  central  \\are  too  early,  the  plane  of  the 
instrument  deviates  to  the  east;  if  it  passes  too  late,  ihe  plan€ 
deviates  to  the  west.  In  either  case  the  error  must  be  corrected* 
by  the  azimuth  screw,  until  stars  at  all  altitudes  indicate  tho 
same  error  of  the  clock. 


MERroiAN    MARK, 

(68.)  Wlien  the  transit  instrument  has  once  been  brought  to 
the  meridian,  a  mark  may  be  placed,  either  to  the  north  or  south,_ 
for  verification,  in  case  tho  instrument  should  at  any  time 
disturbed.  Instead  of  placing  the  mark  at  a  great  distance,  i| 
is  now  common  to  place  it  compara lively  near  to  the  instruJ 
ment,  and  in  the  focus  of  a  lens  which  renders  the  rays  fror 
the  mark  parallel,  by  which  means  the  mark  can  bo  viewe 
through  a  telescope  adjusted  to  its  solar  focus  as  stated  on  page 
17.     At  Pulkova  the  lens  for  this  purpose  is  placed  on  a  pie 
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within  the  transit  room,  and  has  a  focal  length  of  556  feet, 
which  is  therefore  the  distance  of  the  mark  from  the  pier*  A 
method  more  convenient  will  he  described  on  page  8L 


THE    CLOCK ITS    RATE    AND    ERROR. 

(69,)  A  clock  designed  to  be  used  for  astronomical  purposes 
fihould  be  of  the  best  workmanship.  The  }>6ndnhim  should  he 
compensated,  so  as  to  he  free  from  the  effects  of  heat  and  cold. 
The  two  forms  chiefly  used  for  astronomical  purposes  are  the 
mercurial  and  the  gridiron.  The  former  is  generally  used  in 
England,  the  latter  in  France  and  Germany. 

It  is  most  convenient  to  ha%^e  the  clock  regulated  to  sidereal 
time,  and  it  is  desirable  that  it  should  keep  exact  pace  with  the 
stars,  so  as  always  to  indicate  the  exact  right  ascension  of  the 
star  then  passing  the  meridian.  But  every  clock  has  both  an 
error  and  rafe.  The  error  of  the  clock  at  any  time  is  its  dif- 
ference from  true  sidereal  time.  The  rate  of  the  clock  is  the 
change  of  its  error  in  24  hours.  Thus,  on  the  8th  of  January, 
1851,  Aldebaran  was  observed  to  pass  the  meridian  of  Green- 
wich at  4h,  26m.  52.02s.  The  true  right  ascension  of  the  star 
was  4h.  27m.  22.86s. ;  hence  the  clock  was  slow  30.84s.  Again, 
on  the  9th  of  January,  the  same  star  passed  the  meridian  at  4h. 
26m.  51.223.,  and  the  clock  was  slow  31.64s.  Hence  the  clock 
lost  O.HOs.  per  day.  In  other  words,  the  error  of  the  clock,  Jan- 
uary 9th,  was  —  3L64s.,  and  its  daily  rate  —0.80s, 

(70.)  The  preceding  error  and  rate  do  not  necessarily  imply 
any  imperfection  of  the  clock.  The  error  and  rate  of  a  perfect 
clock  may  be  of  any  magnitude.  Alt  which  we  demand  of  a 
olock  is  that  its  rate  be  uniform  from  day  to  day.  Still,  it  is 
^nvenient  in  practice  that  both  should  be  of  smaU  amount. 
The  rate  of  the  clock  may  be  correcteil  by  lowering  the  hob  of 
the  pendulum,  if  the  clock  runs  too  fast,  or  raising  it  when  the 
clock  runs  too  slow.  For  this  purpose,  the  bob  of  the  jiendulum 
is  furnished  with  a  fine  adjusting  screw.  The  clock  may  bo 
made  to  indicate  true  sidereal  time  by  setting  it  to  the  right 
ascension  of  any  known  star,  and  starting  the  pendulum  at  the 
moment  when  the  star  crosses  the  middle  transit  wire,  After 
the  rate  has  been  reduced  to  a  small  quantity,  it  is  better  to  let 
tiie  error  accumulate  than  to  etop  the  clock.    When  the  error 
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amotints  to  a  whole  mioote,  the  minute-hand  raay  be  moved 
one  division  without  disrturhing  the  motion  of  the  i^enduluni. 
The  transit  clock  at  Greenwich  Observatory  generally  loses 
about  half  a  second  a  day,  und  when  this  error  amounts  to  an 
entire  minute  (which  happens  about  every  three  months),  the 
clock  is  put  forward  one  minute. 


METHOD   OF    OBSERVING    AND    REGISTERING    TRANSITS. 

(71,)  For  a  night  observation,  the  field  of  view  must  be  illu- 
mined by  the  lamp  M  (see  figure,  page  40),  so  that  the  wires 
may  be  distinctly  visible  ;  and  the  telescope  must  be  set  to  the 
proper  altitude  by  means  of  the  attached  circle.  This  circle  is 
sometimes  designed  to  indicate  altitudes  or  zenith  distances, 
and  sometimes  declinations  or  polar  distances.  In  cither  case, 
the  ZGTo  of  the  circle  may  require  adjustment.  If  the  circle  in- 
dicates altitudes,  the  index  should  jwint  to  zero  when  the  bub- 
ble of  the  attached  level  stands  in  the  middle  of  the  tube.  If 
the  circle  indicates  declinations,  the  index  should  point  to  zero 
when  the  telescope  is  directed  toward  an  equatorial  star.  Since 
the  telescope  inverts  the  position  of  objects,  a  star  for  on  upper 
culmination  will  appear  to  enter  the  field  of  view  on  the  west 
side,  and  pass  out  on  the  east;  but.  for  a  lower  cuhni nation,  it 

wiU  cross  the  field  from  cast  to 
west.  The  telescope  contains  five 
or  seven  vertical,  and  two  horizon- 
tal  wires,  placed  a  short  distance 
from  each  other.  The  star  should 
be  made  to  cross  the  field  between 
the  two  horizontal  wires,  in  ordei 
that  the  transits  may  always  be 
observed  on  the  same  part  of  the 
vertical  wires.  It  is  tlio  busmess 
of  the  observer  to  note  the  times 
of  the  star's  passage  over  the  several  wires  with  the  utmost  ac- 
curacy ;  and  as  it  will  seldom  happen  that  a  star  will  cross  a 
wire  at  the  exact  instant  of  the  beat  of  the  clock,  ha  must  esti- 
mate the  fractions  of  a  second  as  well  as  he  is  able.  This  ia 
done  by  comparing  the  distance  of  the  star  from  the  wire  at  the 
beat  preceding  the  transit,  with  its  distance  on  the  other  side  at 
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the  beat  succeeding  the  transit.  The  clock  should  be  so  placed, 
and  its  face  ilhiiiiined,  that  the  observer,  seated  at  the  transit, 
can  readily  follow  the  seconds'  hand-  A  little  before  the  star 
is  expected  to  cross  the  first  wire,  the  observer  takes  a  second , 
from  the  clw:k^ — suppose  5s, — and,  listening  to  the  beat**,  goes 
on  silently  counting  6,  7,  8,  9,  etc.,  while  his  eye  is  at  the  tel- 
esco|>e  following  the  motion  of  the  star*  If  the  star  crossed  the 
first  wire  between  the  beats  9  and  10,  and  if  the  star  appeared 
as  far  beyond  the  wire  at  the  succeeding  beat  as  it  was  short  of 
it  at  the  preceding  beat,  the  time  of  the  transit  would  be  9.5s. ; 
but  if  the  distances  were  unequal,  it  would  be  9.3s.  or  9.7s.,  etc., 
according  to  its  apparent  distance  from  the  wire.  Having  re- 
corded the  passage  over  the  first  wire,  the  same  observation 
must  bo  made  at  each  of  the  other  wires,  and  a  mean  of  the 
whole  taken,  which  will  represent  the  time  of  the  star's  passage  ^ 
over  the  mean  or  meridional  wire.  Five  or  seven  wires  are  more 
valuable  than  a  single  one,  since  tJie  chancer  are  that  an  error 
which  may  have  been  committed  at  one  wire  will  be  oompen* 
sated  by  an  opposite  error  at  another^  Thus  the  mean  result  of 
several  observations  is  deserving  of  more  confidence  than  a  sin- 
gle one.  The  following  is  an  observation  of  Arcturus,  made  at 
Greenwich  Observatory,  November  13th,  1850 : 

First  wire,  14k  7m.    7.7s, 


KMean,14h.  7m.  48.53s, 


It  will  be  perceived  that  the  observation  at  the  middle  wire 
differs  0.07s.  from  the  mean  of  the  seven  wires.  If  the  obser- 
vations were  perfect,  and  the  wires  equidistant,  these  two  num- 
bers should  agree  exactly. 


Second  wire, 

7 

21.3 

Tliird  wire, 

7 

34.9 

Fourth  wire, 

7 

48.6 

Fifth  wire, 

8 

2.1 

Sixtli  wire, 

8 

15.7 

Seventh  wire, 

8 

29.4 

EQUATORIAL    INTERVAL    OF    THE    WIRES. 

(72.)  By  comparing  the  transits  of  different  stars,  it  will  be 
seen  that  the  time  occupied  by  a  star  in  traversing  the  interval 
between  the  wires  is  different  on  different  points  of  the  merid* 
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ian ;  being  least  at  the  equator,  and  increasing  with  the  distance 
from  that  circle.  The  time  occupied  by  a  star  on  the  equator, 
in  passing  between  any  two  of  the  wire^,  is  called  tlieir  t-quato- 
rial  interval ;  and  when  this  interval  is  known,  the  interval  for 
any  parallel  of  declination  may  be  computed. 
Thmi,  let  P  be  the  pole  of  the  heavens,  EQ,  a  ^ 
[K>rtion  of  the  equator,  and  BD  a  portion  of  any 
parallel  of  declination ;  PBE  and  PDQ  two 
meridians,  but  slightly  inclined  to  each  other, 
^^^^  A  star  at  B  moves  over  the  arc  BD  in  the  same 
time  that  one  at  E  moves  over  EQ.  But  we 
have 

Geom-,  B.  VL,  Prop.  13,  Cor.  1, 

arc  EQ  :  arc  BD  : :  CQ  :  AD  : :  1 :  cos.  Dec. 
Therefore,  B  D  =  E  Q  cos.  Dec. 

Now  the  time  in  which  a  star  on  the  parallel  BD  would  move 
over  a  constant  space,  EQ,  must  be,  to  the  time  in  which  an 
equatorial  star  moves  over  the  same,  inversely  as  their  rates  of 
motion,  or  as 

EQ  :  BD  : :  1 :  cos.  Dec. : :  sec.  Dec. :  1. 
(73.)  If,  then,  x  represent  the  equatorial  interv^al  of  the  wires, 
X  sec.  Deo.  will  be  the  interval  for  any  star.  The  equatorial  in- 
terval may  therefore  be  computed  from  observations  made  u^xin 
any  star  whose  declination  is  known,  by  multiplying  the  ob- 
served interval  by  the  cosine  of  the  star's  declination.  Thus,  in 
the  preceding  observation  of  Arcturus,  the  ditference  between 
each  observation  and  the  mean  of  the  seven  wires  is  as  follows : 

First  wire, 

Second  wire, 

Third  wire, 

Fourth  wire, 

Fifth  wire. 

Sixth  wire, 

Seventh  wire, 

And  if  we  multiply  these  numbers  by  .939908,  the  cosine  of 
the  star's  declination  (19*^  57'  50"),  we  shall  obtain  the  equato 
rial  intervals,  as  given  in  the  last  column  above. 

(74.)  The  equatorial  interval  may,  however,  be  obtained  more 


Ubturred  inlervftls. 

Efiualortal  tnlerv&U 

40.83s. 

38.3763. 

27.23 

25.594 

13.63 

12.811 

0.07 

0.066 

13.57 

12.755 

27.17 

25.537 

40.87 

38.414 
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accurately  by  observations  of  a  star  near  the  pole — the  pole  star, 
for  example ;  but  in  this  case  a  slight  raodification  of  the  pre- 
ceding rule  bc5comes  necessary,  for  the  pole  star  does  not  pass 
per|]endicularly  fronn  wire  to  wire,  but  describes  a  considerable 
aro  of  the  small  circle  ABC* 
Now  AD  is  the  sine  of  the 
aro  AB.  In  order,  there- 
fore, to  obtain  the  equato- 
rial intervals  from  the  pole 
star,  we  raust  multiply  the 
sine  of  the  observed  interval  by  the  cosine  of  the  declination, 
and  we  shall  obtain  the  sine  of  the  equatorial  interval. 

The  following  observations  of  Polaris,  Dec.  88^"  30'  27".0, 
were  made  at  Greenwich  Observatory,  April  26th,  1850: 


c  ^ 


^-^A 


Wins.             j        OtMcrvationft. 

Otntrroi  Inurrate. 

EquaiorUUInurTil*, 

A 

B 

C 

D 

E 

P 

G 

*.     m.       *. 

0  39  48.0 
48     3.0 
56  19.0 

1  4  32.0 
12  44.0 
20  57.0 
29  16.0 

-24  43^29 
-16  28.29 
-  8  1259 
+  0    0,71 
+  8  13.71 
+  16  25.71 
+  24  44.71 

-38*559 
-25.719 
-12.820 
+  0.018 
+  12.830 
+25.652 
+38.595 

Mean  .... 

1     4  31.29 

The  letters  in  ooluinn  first  are  used  to  distinguish  the  wires 
of  the  transit*  The  wires  at  Greenwich  are  designated  by  the 
letters  of  the  alphabet  in  such  a  manner  that,  when  the  illu- 
mined end  of  the  axis  ijs  east,  the  order  of  the  wires  for  stars 
above  the  pole  is  A,  B,  C,  D,  E,  F,  G ;  but  when  the  illumined 
end  of  the  a.xis  is  west,  the  order  is  G,  F,  E,  D,  C,  B,  A. 
Column  third  shows  the  difference  between  each  observation 
and  the  mean  of  the  seven  wires.  Column  fourth  shows  the 
equatorial  interval  thence  deduced.  The  fourth  column  is  com- 
puted as  follows : 

24ra.  43.29s.  =  6^  10'  49".35  sine =9.0320497; 
COS.  Dec.  88^^  30'  27".0  =8.4157426 ; 

38.559s,  =         9'  3a''39  sine =7.4477923? 
and  in  the  same  manner  for  the  other  wires. 

It  will  be  perceived  that  the  middle  wire  diifers  slightly  from 
the  mean  of  the  seven  wires,  which  may  be  called  the  mean 
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wire.    It  is  customarvt  at  Greenwich,  to  reduce  all  otservations 
to  the  standard  of  the  mean  wire,  and  not  of  the  middle  wire. 

To  reduce  an  observation  tchcn  ail  the  wires  are  not  ob- 
served, 

(75*)  It  may  happen^  through  inadvertence  or  tmfavorahle 
weather,  that  the  transits  over  only  a  portion  of  the  wires  arc 
observed ;  but  such  observations  may  be  reduced  by  means  of 
the  equatorial  int«r\'ab  already  determined.  According  to  the 
values  given  above,  if  we  add  38.5f59s,  to  the  time  of  transit  of 
an  equatorial  star  over  wire  A,  it  will  give  the  time  of  transit 
over  the  mean  wire ;  an  J,  in  the  same  manner,  the  observation 
of  an  equatorial  star  at  each  wire  may  be  reduced  to  the  mean, 
by  adding  or  subtracting,  as  the  case  may  he,  to  the  time  of 
observatioUj  the  equatorial  interval  between  that  wire  and  the 
mean  w^ire.  For  a  star  out  of  the  equator,  these  intervals  must 
/jach  be  multiplied  by  tlie  secant  of  the  star's  dechnation.  Or 
the  following  rule  is  more  convenient  in  practice,  and  evidently 
gives  the  same  result: 

Add  together  the  equatorial  numbers  from  the  table  on  page 
55  far  the  wires  observed^  regard  being  had  to  their  signs  ; 
divide  %  the  fiumber  of  wires ^  and  multiph/  by  the  secant  of 
the  star-s  declination.  The  product  will  be  the  correction  to 
be  applied  to  the  mean  of  the  wires  observed. 

The  corrections  to  transits  of  an  equatorial  star  over  wires  A, 
B,  C,  D,  E,  F,  G,  for  1851,  at  (jrreenwich,  were  +4L443s. ; 
+27.646S.;  +  13.816s.  ;  -^0.002s.;  -13.811s.;  ^27.654s.; 
—41.438s. ;  and  these  are  the  intervals  to  be  used  in  reducing 
the  subsequent  observations. 

Ex,  1.  The  following  observations  of  Capella  were  made  at 
Greenwich,  January  27th,  1851 : 

A     .......    5h.  4m.     — 

B 20.29. 

C 40.2 

D     .         .     .         .    .  59.8 

E 5      19.7 

F         .     ,         .     ,    .  39.5 

G    ......     .  59.4 

Mean  of  wires  observed,  5h.  Sm.    9.8s. 
The  sum  of  the  equatorial  numbers  for  wires  B,  C,  D,  E,  F, 
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G  is  —41.443s.,  which,  divided  by  6,  gives  —  6.907s.,  and,  multi- 
plied by  the  secant  of  the  declination,  45°  50'  26'',  gives  —  9.91s. ; 
which,  being  apphed  to  the  above  mean,  gives  5h.  4m.  59.89& 
as  the  time  of  transit  over  the  mean  of  the  seven  wires.  I 

Ex.  2.  The  following  observations  of  Sirius  were  made  at 
Greenwich,  February  13th,  1851 : 

A 6h.  37m.     — 

B — 

C — 

D 43.7s. 

E 68.2 

F 38      12.6 

G 26.9 

Mean  of  wires  observed,  6h.  38ra.  5.35s. 
The  sum  of  the  equatorial  numbers  for  wires  D,  E,  F,  G  is 
—  82.905s.,  which,  divided  by  4,  gives  —20.726s.,  and,  multi- 
plied  by  the  secant  of  the  star's  declination,  16°  31''  12^^,  gives 
—21.62s. ;  which,  applied  to  the  above  mean,  gives  for  the  time 
of  transit  over  the  mean  wire,  6h.  37m.  43.73s. 

Ex.  3.  The  following  observations  of  Spica,  Dec.  10°  22'  56'''', 
were  made  at  Greenwich,  February  21st,  1851 : 

A 13h.  15m.    — 

B — 

C 16        9.1s. 

D 23.1 

E 37.0 

F 51.1 

G 17        5.0 

Required  the  time  of  transit  over  the  mean  wire. 

Ans.  13h.  16m.  23.01s. 
(76.)  In  the  case  of  a  star  near  the  pole,  we  must  multiply 
the  sine  of  the  equatorial  interval  by  the  secant  of  the  star's  dec- 
lination, and  we  shall  obtain  the  sine  of  the  Tcduction  to  the 
mean  wire  according  to  Art.  74. 

Example.  The  following  observations  of  Polaris,  at  its  upper 
culmination,  were  made  at  Greenwich,  May  30th,  1851 : 

A Oh.  38m.    — 

B 47        — 

C 56        7.0s. 
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D Ih.    4m,  59.0s. 

E 13      53.0 

F ,     ,  22      47.0 

G  , 31      40.0 

To  determme  the  time  of  transit  over  the  mean  of  the  seven 
wires,  the  declination  of  Poiam  being  88'-^  30'  3S".4. 
The  reduction  for  each  wire  is  competed  as  follows ; 

Wire  C  Wire  D. 

Bine  13.816s.  ^7.0020484  log.  0.002.9:=:  7.301 

sec.  Deo.  =  1.5851796  sec.  Deo.  ==  1^585 

sine  8ra.  51.70s.  =  8.5872280  log,  a08s.=8.886 

Win  E,  Wife  P. 

sine  13.811s,  =  7.0018912  sine  27.654s.  ^7.3034239 

sec.  Dec.  =  1.5851796  sec.  Dec,  =  1.5851796 

sine  8m.  51.51s.  ^8.5870708     sine  17m.  45.05s.  =^8,8^86035 

Wire  G. 

sine  41 .438s. = 7.4790643 

sec.  Dec.  =z  1.5851796 

sme  26m.  37.92s.  rr  9:0642439 

The  sum  of  these  corrections  is  —  44m»  22.86s,,  which,  divided 
by  5,  gives  —  8m.  52.57s,,  which  is  the  correction  to  be  applied 
to  the  mean  of  the  wires  observed  to  obtain  the  mean  of  the  sev- 
en wires*  The  mean  of  the  wires  observed  is  Ih,  13m.  53.2.^. 
Hence  the  concluded  transit  over  the  mean  of  the  seven  wires 
is  Ih.  5m.  0.63s.  As  the  time  required  for  the  pole  star  to  pass 
from  one  wire  to  another  is  nearly  the  same  for  every  day  of  the 
year,  and  only  varies  in  consequence  of  a  smalt  change  in  tho 
star's  dechnation,  it  is  customary,  in  regular  observatories,  to 
compute  tho  intervals  for  an  assumed  value  of  the  declination, 
and  the  variation  caused  by  a  change  of  one  second  in  the  dec- 
lination.    All  the  reductions  are  then  made  with  great  facihty. 

(77.)  In  observing  the  sun,  the  times  of  passage  of  both  tho 
first  and  second  limbs  over  the  wdres  are  observed  and  set  down 
as  distinct  observations,  the  mean  of  which  gives  the  time  of 
passage  of  the  centre  across  the  meridian.  The  wires  of  the  in- 
strument are  generally  placed  by  the  maker  at  such  a  distance 
from  each  other  that  the  first  limb  of  the  sun  shall  have  passed 
all  of  them  before  the  second  limb  arrives  at  the  first  wire. 

If  only  one  limb  is  observed,  the  passage  of  the  centre  may 
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he  inferred  by  adding  or  subtracting  the  sidereal  time  of  semi- 
diameter  pfli^sing  the  meridian,  as  given  on  page  first  of  each 
moeth  in  the  Nautical  Almanac. 

Only  one  limb  of  the  moon  can  be  observed,  except  when  her 
transit  happens  to  be  within  an  hour  or  two  of  her  opposition; 
and,  in  observing  the  larger  planets,  the  first  and  second  limbs 
may  be  observed  alternately  over  the  seven  wires.  If  only  one 
limb  of  a  planet  is  observed,  the  ephemeris  must  be  oonsulted 
for  the  time  of  passage  of  its  semidiameter, 

(78,)  In  correcting  imperfect  transits  of  the  sun  and  planets, 
the  value  of  the  intervals  found,  as  for  a  star  of  the  same  deofi- 
nation,  must  be  increased  by  a  small  quantity.  For  if  a  fixed 
star  and  the  sun's  first  limb  were  together  at  the  first  wire,  the 
sun  would  be  behind  the  star  when  it  passed  the  second  wire, 
on  account  of  the  sun's  apparent  motion  among  the  stars.  For 
the  sun  or  a  planet^  therefore,  the  interval  found  for  a  star  must 
be  multipUed  by  the  factor 

3600  4- 1 
~W6i)   ' 
where  I  represents  the  hourly  increase  of  right  ascension  in 
ieconds  of  time  taken  from  the  Nautical  Almanac. 

Example,  The  following  observations  of  the  sun's  second 
limb  were  made  at  Greenwich,  February  22d,  1B51 : 

A 2m  20m.     — 

B    • — 

C o4.5s. 

D 21      as 

E 22.9 

F     ......     .  36.8 

G    ......     .     51.0 

Mean  of  wires  observed,  22h-  21m.  22.8s« 
The  sum  of  the  equatorial  numbers  for  wires  C,  D,  E,  F,  G 
is  —69.089s.,  which,  divided  by  5,  gives  —13.828.,  and,  multi* 
plied  by  tlie  secant  of  the  sun's  declination,  10^  17^41"',  gives 
—  14,04s,,  which  is  the  correction  for  a  star  of  the  same  decli- 
nation. The  sun^s  hourly  increase  of  right  ascension,  Febru- 
ary 22d,  according  to  tlie  Nautical  Almanac,  was  9.528,    Hence 

3600  :  3609.52  : :  14.04  :  14.08, 
which  is  the  correction  to  the  mean  of  the  wires  observed. 
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Hence  the  concluded   transit  over  the  mean  of  the  seven 

wires  is 

22h.  21m.  8.72s. 

In  order  to  fiacilitate  these  reductions,  it  is  convenient  to  have 

3600+1 
a  table  shov^ing  the  logarithm  of  the  factor     g^Q^     for  every 

value  of  I  from  Is.  up  to  30s. 

(79.)  The  reduction  of  an  imperfect  transit  of  the  moon's 
limh  requires  a  pecuUar  method,  on  account  of  the  moon's  prox- 
imity to  the  earth. 

Let  C  represent  the  centre  of  the 
earth,  A  any  place  on  the  earth's  sur- 
face, and  M  the  centre  of  the  moon ; 
then,  since  the  angular  value  of  any 
small  line  at  different  distances  is  in- 
versely as  those  distances,  the  angular 
value  of  the  moon's  hourly  motion  in 
its  orbit  from  a  place.  A,  is  to  the  an- 
gular value  of  the  same  from  C  as  CM 
to  AM.  But  CM  is  to  AM  as  the  sine 
of  CAM,  or  sine  of  ZAM,  is  to  the  sine 
of  ZCM  ;  that  is,  as  the  sine  of  the  apparent  zenith  distance  of 
the  moon  is  to  the  sine  of  the  geocentric  zenith  distance.  In 
order,  therefore,  to  reduce  an  observation  at  any  wire  to  the 
mean  of  the  wires,  the  interval  found  for  the  sun  or  a  planet 
must  be  multipUed  by  the  factor, 

sine  of  moon's  geocentric  Z .  D  ^ 
sine  of  moon's  apparent  Z .  D  ' 
or  the  entire  factor  for  the  moon  will  be 
3600 + 1     sine  of  moon's  geocentric  Z .  D 

■  ogAA      ^  ~- e J     xrr    T\  X  SCCaut  of  mOOU's  gC- 

3600         sme  of  moon's  apparent  Z .  D  ° 

ocentrio  declination, 
where  I  is  the  hourly  increase  of  the  moon's  right  ascension  in 
seconds  of  time. 

Example.  The  following  observations  of  the  moon's  second 
limb  were  made  at  Greenwich,  February  21st,  1851 : 
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A    , i5L,  34ra.       — 

B — 

C .  35  9.5s. 

D    ......     .  24.0 

E 38.7 

F 53.2 

G 36 8.0^ 

Mean  of  wires  observed,   15h.,  35ni.,  38.68s, 
The  sum  of  the  equatorial  numbers  for  the  wires  observed, 
divided  by  t5,  gives  —13,81783. 

The  moon's  declination  =  14'=^  13'  W  S. 

Moon's  geocentric  zenith  distance  =  65    41  50 
Moon's  apparent  zenith  distance    =66    34   10 
Moon's  hourly  increase  of  R.  A.     =  135.24s. 
The  correction  to  the  mean  of  the  wires  observed  is  then  com- 
puted as  follows : 

13.8178s.  =  1.14044  ^ 
3600 + 1  =  3735.248. = 3,57232 
3600  comp.  =  6.44370 
sin,  65M1' 50"  =  9.95970 
cosec.  66    34   10    ^0;03737 
sec.  14    13   12    =001351 
14.69s,  =  146704 
Subtracting  14,69s.  from  the  mean  of  the  wires  observed,  we 
obtain  the  time  of  transit  over  the  mean  of  the  seven  wires, 
15h.  35m,  23.99s. 
(80,)  We  have  hitljerto  supposed  the  transit  instrument  to 
be  perfectly  adjusted — that  there  is  no  error  of  collimation — 
that  the  axis  is  perfectly  horizontal — and  that  the  middle  wire 
of  the  transit  describes  the  plane  of  the  meridian.     In  practice, 
tlieso  adjustments  can  never  he  ]>erfectly  made ;  but  we  make 
the  adjustments  as  complete  as  we  are  able.     We  then  com- 
pute the  amount  of  each  error,  and  apply  a  correction  to  the  ob- 
servations. 

Problem. 

To  determine  thf  inrlinatwn  of  the  axis  of  the  transit. 
The  spirit4evel  which  rests  on  the  pivots  of  the  axis  determ- 
ines the  inclination  of  the  axis.     Above  the  glass  tube,  and  par* 
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allel  to  its  length,  is  placed  a  fine  graduated  scale,  which  indi- 
cates any  deviation  from  horizontality  by  the  air-bubble  reced- 
ing from  the  centre  toward  that  pivot  which  is  the  highest ;  but 
as  the  legs  of  the  level  may  not  be  of  exactly  equal  length,  it  is 
necessary  to  reverse  the  level  on  the  axis,  and  read  the  scale  at 
each  extremity  of  the  air-bubble  in  both  its  positions ;  that  is, 
with  the  same  end  of  the  level  on  both  the  east  and  west  pivots 
alternately.  Half  the  difference  of  the  means  of  the  two  read- 
ings will  be  the  amount  of  deviation.  It  is  customary  to  make 
several  observations  in  each  position  of  the  level,  in  order  to  di- 
minish the  effect  of  incidental  errors.  The  following  example 
will  illustrate  this  method : 


Readings  of  the  Scale. 

But  end. 

WeMend. 

32.3 

30.0 

32.4 

30.0 

32.4 

I^erel  rerened 

30.0 

32.6 

29.6 

32.6 

29.5 

32.5 

29.6 

194.8 

sums 

178.7 

32.47 

means 

29.78 

DifTerence, 

2.69. 

Half  the  difference  is  1.34 ;  and,  since  the  value  of  one  divis- 
ion of  the  level  is  1".25,  the  east  end  of  the  axis  is  too  high  by 
1^^.67,  for  the  mean  of  the  eastern  readings  is  greater  than  the 
mean  of  the  western.  This  quantity,  divided  by  15,  will  give 
the  inclination  expressed  in  seconds  of  time. 

(81.)  Having  determined  the  inclination  of  the  axis,  the  cor- 
rection to  be  applied  to  the  time  of  observation  of  any  star  may 
be  computed  by  the  following  method : 

Problem. 

To  compute  the  correction  to  the  time  of  transit  for  inclina- 
Hon  of  the  axis. 

Let  P  represent  the  pole  of  the  earth,  Z  the  zenith,  N  and  S  the 
north  and  south  points  of  the  horizon.     Suppose  the  transit  tel- 
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esoope  is  in  the  meridian,  at  the 

north  and  soutli  points  of  the 
horizon,  N  and  »S,  but  the  axis 
h  incUned  to  the  horizon  by  a 
small  angle ;  the  telescopcj  in- 
stead of  describing  the  merid-  ^j_ 
ian,  NZS,  will  describe  an  ob- 
lique circle,  N  AS  j  and  the  star, 
A,  when  it  passes  throngh  the 
telescope,  wilt  be  distant  from 
the  meridian  by  the  angle  APS. 
Now,  in  the  triangle,  APS^  we 
have  sin.  PA  :  sin.  S  t  ;  sin.  SA  :  sin.  P  ; 

or,  putting  b  to  represent  the  angle  S,  and  Z  the  zenith  dis- 
tance of  the  star  {b  being  supposed  to  be  a  small  angle), 

cos,  Dec.  :o  :i  cos.  Z  :  P  = yt — -, 

cos,  Dec. 

w^hich  must  be  subtracted  from  the  observed  time  of  passage  to 
liave  the  true  time,  w^hen  the  telescope  is  inclined  to  the  west. 
Wlien  the  eastern  pivot  is  too  high,  the  level  error  is  considered 
negative  ;  when  the  western  pivot  is  too  high,  the  level  error  is 
positive. 

(82.)  The  expression  for  the  zenith  distance  of  a  star,  in 
terms  of  its  declination  and  of  the  latitude  of  the  place,  will 
vary  according  as  the  observations  arc  made  to  the  south  of  the 
zenith  or  to  the  north  of  the  zenitli ;  and,  in  the  latter  case, 
according  as  the  observations  are  made  above  or  below  the  pole. 
Those  several  values  will  be  as  follow,  representing  the  latitude 
by  (pf  and  the  declination  by  i5  (see  page  139) : 

Z  =  ^— (5    -     -     if  the  observations  bo  made  to  the  south; 
Z=fJ— 0     -     -     if  to  the  north,  above  the  pole ; 
2=180"^— (^+cJ)  if  to  the  north,  below  the  pole. 

Example.  Castor  was  observed  to  pass  the  meridian  of  Green- 
wich, February  22tl,  1851,  at  7h.  24m.  6.529.,  its  declination 
being  32^"  12'  32''  N„  and  the  error  of  level  -3^^92;  required 
*the  corrected  time  of  transit* 

The  latitude  of  Greenwich  is  Sr  28'  39^';  therefore  Z=:19^ 

16'  r'. 


z 
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6=-3^92  =  0.261a  log.  =  94166 

COS.  Z= 9.9749 

eec.  Dec. =0  0726 

-0.29s.  ^9^4041 
Therefore,  the  time  of  transit,  correcteii  lor  error  of  level,  is 
7k  24m.  6.233. 

Problem, 

(83.)  To  determine  the  error  of  coUimation. 

This  error  may  be  determined  by  a  micrometer  attached  to 
the  eye  end  of  the  telescope,  by  which,  when  the  telesi^ojie  is 
directed  toward  any  distant  object,  tlie  angular  distance  of  that 
object  from  the  central  wire  is  measured*  The  instrument  is 
then  reversed,  and  the  distance  of  the  same  object  firom  the  cen* 
tral  wire  again  measured.  Half  the  diflbrence  of  these  meas- 
ures is  the  error  of  coUimation  for  the  middle  wire. 

(84.)  At  many  observatories  the  error  of  coUimation  is  determ- 
ined, not  by  observations  of  a  distant  mark,  but  by  means  of  a 
small  transit  instrmnent,  mounted  at  a  short  distance  from  the 
large  transit,  and  in  the  same  meridian,  and  having  in  its  focus 
a  cross  in  the  form  of  an  acute  X,  A  re  Hector  is  attached,  for 
the  purpose  of  throwing  the  light  of  the  sky  upon  the  wires,  and, 
when  the  telescopes  are  pointed  towaid  each  other,  the  cross  in 
the  small  transit  is  distinctly  seen  by  looking  through  the  large 
telescojie.  The  following  are  the  results  of  a  set  of  observations 
at  Greenwich :  \Vhen  the  illuminated  end  of  the  axis  was  east, 
and  the  micrometer  was  made  to  coincide  w^ith  the  cross,  the 
reading  was  10.8S8r. ;  w^hen  the  axis  was  reversed,  the  reading 
was  946 Ir  ;  hence  the  reading  of  the  micrometer  for  the  true 
line  of  coUimation  was  10.174r.  Wlien  the  micrometer  was 
made  to  coincide  with  the  middle  wire,  the  reading  was  10,191r. ; 
hence  the  error  of  coUimation  for  the  middle  wire  was  0.017 
revolutions  of  the  screw,  which  is  equal  to  0''.28  in  seconds  of 
arc.  Correcting  this  for  the  distance  of  the  middle  wire  from 
tlie  mean  of  the  seven  wires,  we  obtain  the  error  of  ooUimatioa 
for  the  mean  of  the  seven  wires, 

(85.)  This  error  may  also  be  determined  by  observing  the 
transit  of  Polaris,  or  any  other  close  circumpolar  star,  over  the 
first  three  wires;  and  then,  reversing  the  axis,  observing  the 
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same  intervals  in  a  reversed  order.  The  wires  which  were  the 
first  three  in  the  former  position,  will  now  be  the  last  three. 
Let  each  of  the  observations  bo  reduced  to  the  mean  wire,  ac- 
cording to  Art.  76 ;  then,  if  there  were  no  error  of  ooUimation, 
the  mean  of  the  observations  in  the  first  position  of  the  tele* 
goope  ought  to  be  the  same  as  the  mean  in  the  reversed  posi- 
tion. But  if  the  two  results  difler  from  each  other,  it  must  he 
owing  to  error  of  coUimation. 

(86.)  Suppose  the  telescope  does  not  move  in  the  meridiani 
NS,  but  in  a  small  circle,  AB,  par- 
allel to  the  meridian,  and  every 
where  a  certain  number  of  seconds 
(c)  east  of  it.  Let  P  be  the  pole, 
and  C  the  place  of  the  star.  Draw 
CD  perpendicular  to  NS.  Thenj 
when  the  star  passes  the  telescope, 
its  angular  distance  from  the  me- 
ridian will  be  CPD.  Now,  in  the 
triangle  CPD,  we  have 

Trig.,  Art.  211, 

R.  sin.  CD -sin.  PC  sin.  CPS. 
CD  c 


u  — 


S  B 


Whence 


CPS=- 


(1) 


sin.  PC     cos*  Dec. 

and  r=CPS  cos.  Dec (2) 

The  following  example  will  show  the  application  of  this  meth- 
od. At  Edinburgh  Observatory  the  transit  of  Polaris  was  ob- 
served over  two  wires ;  tlie  instrument  was  then  reversed,  and 
the  transit  observed  over  the  same  wires,  as  foUows ; 


TJinefi  obiwrrwl. 

HedacUon, 

Tlmea  twloccd. 

Wire  I.  ...  0  44  33.5 
Wire  II.    .  .  0  52  46.0 

Insirument  irfcreed. 

Wire  II.    .  .  i     8  56.0 
Wire  I.  ...  1  17    8.5 

+  "6  23*59 
+   8  12.28 

—  8  12.28 
-16  23.59 

10  57.09  U-gg 
1  0  58.28  !  ^'•^"^• 

1  0  43.72  1  ..  „i 
1  0  44.91  1  '^■^^^- 

Column  second  shows  the  computed  reduction  to  the  mean 
wire,  according  to  jVrt.  76,  Column  third  shows  the  times  of 
transit  reduced  to  the  mean  wire.  The  difference  between  the 
mean  of  the  first  two  observations  and  the  last  two  is  13.379« ; 
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half  of  whichj  being  6.6S5s.,  represents  the  angle  CPS,  which, 
multiplied  by  the  cosine  of  the  star's  declinatioiij  gives  the  enroifl 
of  collimation,  0,181s.,  expressed  in  seconds  of  time,  which  is^ 
minus  for  the  first  position  of  the  instrument,  and  plus  for  the 
second  position.  ^M 

(87.)   There  is  another  method  of  determining  the  error  of" 
collimation,  which  is  exceedingly  convenient  and  accurate*     It 
consists  in  pointing  the  telescope  vertically  downward  toward  a 
vessel  of  mercury,  and  observing  the  spider  lines  of  the  telescope 

as  reflected  from  the  surface  of  the 
mercury,  a  e^ong  illumination  b^fl 
ing  thrown  upon  the  system  of  wires 
by  a  lateral  lamp.  The  rays  di* 
verging  from  the  wires  at  A  issue 
in  parallel  lines  from  the  object- 
glass,  fall  ui>on  tlie  mercury,  M, 
and  are  thence  reflected  back  in 
parallel  lines  to  the  object-glasg^ 
which  is  enabled  to  collect  them 
again  io  its  focus.  Thus  is  formed 
a  reflected  image  of  the  system  of 
spicier  lines ;  and  if  the  axis  is  per- 
fectly horizontal,  and  there  is  no 
error  of  collimation,  the  retleeted 
'  system  ought  to  coincide  exactly 
with  the  real  system,  as  seen  in  the  eye-piece  of  the  instrument. 
If,  however,  when  the  axis  has  been  leveled,  the  two  systems  of 
lines  do  not  coincide,  the  difference  is  twice  the  error  of  collima- 
tion, and  may  be  measured  by  the  micrometer. 

(88.)  The  preceding  observation  requires  a  peculiar  eye-piece, 

called  the  collimating 


eye  -  piece,  first  sug- 
gested by  Bohnenber- 
ger  in  182r3.  The  goU 
limating eye-piece  con- 
sists of  an  ordinary 
positive  eye-piece, with 
an  aperture,  A,  cut  in 
its  side,  and  a  plane 
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perforated  speculamj  BB,  inserted  between  the  two  lenses^  at 
an  angle  of  45^  with  the  optical  axis  of  the  telescope,  as  repre- 
sented in  the  preceding  figure.  A  lamp  being  held  so  as  to 
throw  a  strong  light  upon  the  spectilnnij  the  reflected  images 
of  the  wires  may  be  seen  with  great  distinctness.  Instead  of  a 
perforated  opaque  speculnra,  a  piece  of  plane  glass,  with  parallel 
faces,  without  any  perforation,  is  sometimes  used.  The  observer 
looks  through  the  plane  glass  without  difficulty,  while  sufficient 
hght  is  reflected  from  the  lower  surfaoe  to  render  the  lines  visible. 

(89.)  If  tlie  axis  of  the  telescope  be  not  horizontal,  half  the 
distance  between  the  middle  wire  and  its  image,  corrected  for 
error  of  level,  will  give  the  error  of  collimation  of  the  middle 
wire.  Correcting  this  for  the  distanco  of  the  middle  wire  from 
the  mean  of  the  seven  wires,  we  obtain  the  error  of  collimation 
for  the  mean  of  the  seven  wires. 

(90.)  By  reversing  the  axis  of  the  transit  upon  its  supports, 
we  may  obtain  the  error  of  level,  as  well  as  of  collimation,  by 
means  of  the  micrometer.  If  the  errors  of  collimation  and  in- 
clination of  the  axis  are  both  in  the  same  direction,  the  devia- 
tion of  the  middle  wire  from  its  reflected  image  will  represent 
twice  the  sum  of  the  errors  of  collimation  and  level ;  but  if  the 
axis  be  reversed,  the  deviation  will  he  twice  the  diflbrence  of 
these  quantities.  Knowing  the  sum  and  difference  of  these 
quantities,  their  values  are  readily  determined. 

Problem. 

(91.)   To  determine  the  correction  to  the  time  of  transit  for 

error  of  coHimaiion. 

This  correction  is  readily  computed  hy  equation  (1),  Art.  86. 
We  have  only  to  multiply  the  error  of  oolUmation  by  the  secant 
of  the  declination  of  the  star. 

Ex.  The  transit  of  Castor,  Dec.  32^  12'  32''  N.,  was  observed 
at  Greenwich,  February  22d,  1851,  at  7h.  24ra.  6.52s.,  the  er- 
ror of  collimation  being  —0^93;  required  the  corrected  time 
of  transit. 

-0'^93  =  0.062s.  log.  =  8.792 
sec.  Deo.  =  0.073 
-  0,07s.  =  a865 
Therefore,  the  corrected  time  of  transit  is  7h»  24m,  6.4os. 
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Problem. 
(92.)  To  determine  the  deviation  of  the  transit  instrument 
from  the  meridian. 

First  Method. — By  the  pole  star^  or  any  close  circumpolar 
star. 

If  the  transit  telescope  revolves  oa  a  horizontal  axis  in  the 
plane  of  the  meridian,  the  intervals  of  time  between  two  suc- 
cessive passages  of  the  pole  star  over  the  central 
wire  must  be  exactly  12  hours.  If  this  intervcJ  dif- 
fers firom  12  hours,  then  the  instrument  deviates 
from  the  true  meridian,  and  the  amount  of  devia- 
tion, as  measured  on  the  horizon,  may  be  computed 
as  follows : 

Let  ZPN  be  a  meridian,  and  ZAM  the  vertical 
circle  described  by  the  telescope ;  let  ABDC  be 
the  small  circle  described  by  the  star  about  the 
pole,  P.  This  star  will  be  observed  with  the  tran- 
sit telescope  at  the  points  A  and  B  instead  of  C 
and  D. 

Let  0=the  latitude  of  the  place ; 
jE7=the  polar  distance  of  the  star ; 
a=the  angle  MZN=the  deviation  of  the  telescope  from 

the  meridian ; 
A=the  interval  between  two  successive  transits,  minus 

12  hours. 

In  the  triangle  APZ,  we  have 

sin.  PA :  sin.  ZA : :  sin.  AZP :  sin.  APZ ; 
or,  since  small  angles  are  nearly  proportional  to  their  sines, 

/       .      \  A-nrr       a  COS.  ((b  +  V) 

sm. p : COS.  l<t>+p) ::a:  APZ= .  ^"^^^^ 

_a(cos.  0  COS. p— sin.  0  sin./?) 

""  sin./? 

=  a  COS.  0  cot./;  — a  sin.  0. 

(See  Trig.,  Art.  72) 
Also,  in  the  triangle  BPZ,  we  have 

sin.  BP :  sin.  BZ ; :  sin.  BZP ;  sin.  BPZ, 
or 
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SIB* p :  COS.  (<P—p)  II ax BPN 


a  ooSp 


i-p) 


:APC  +  BPD 

A 


_fl  (cos*  ^  cos,  p+sin.  ^  sin,  j?) 
"  siii.j9 

=a  COS.  0  cot.  p+a  sin.  <^. 
—  2a  COS.  ^  cot*  /?, 

=  -  sec.  th  cot,  Deo, : 
2         ^  ' 


Therefore,  A 

and  a 

2  COS.  ^  cot,  p 

tliat  isy  the  azimuthal  deviation  of  the  transit  is  eqoa!  to  half 
the  difference  between  the  observed  interval  and  12  hours,  in 
seconds,  multiplied  by  the  secant  of  the  latitude  and  the  co- 
tangent of  the  star's  declination. 

Ex.  1,  January  6th,  1850,  tho  transit  of  Polaris,  Dec.  88^ 
30'  50'^,  was  observed,  sub  polo,  at  Greenwich,  at  lob.  4ni. 
39.40s. ;  and  January  7ih,  at  111.  4m.  57.623. ;  the  observations 
being  corrected  for  collimation^  level,  rate  of  clock,  and  change 
of  right  ascension.     Required  the  azimuthal  error, 

^^^ails.=136",65  log.=2.1356 

cot  88^  SO'  50^'^a4140 
sec.  ^=02056 

fl=+5^'.69^  0.7552 

Since  the  time  elapsed  in  traversing  tho  eastern  semicircle  is 
more  than  12  hours,  the  plane  of  the  telescope  falls  to  the  west 
of  the  tnie  meridian  on  tho  north  horizon. 

Ex.  %  Aprd  23d,  1850,  the  transit  of  Polaris,  Dec,  88^  30"' 
27",  was  observed  at  Greenwich  at  Ih.  3m.  34.99s. ;  and  April 
24th,  sub  polo,  at  13h.  3m.  22.5ds.  Required  tho  aziniuthal 
orron  Am,  -f  3^.90 

The  factor  sec.  ^  cot.  Dec.  is  sensibly  constant  for  Polaris  at 
each  observatory,  through  an  entire  year  or  more ;  henoe  it  is 
well  to  prepare  this  factor  once  for  all.  At  Greenwich,  in  1850, 
the  rule  was  to  divide  A,  in  seconds  of  time,  by  3.206,  to  obtain 
the  azimuthal  deviation  in  seconds  of  space.  Thus,  in  Ex,  1, 
18.22s.,  divided  by  3.206,  gives  5  ^69==«. 

(93.)  Second  Method. — By  two  stars  differing  consider^ 
ably  in  declination. 

If  we  take  t]ie  difference  between  the  observed  passages  of 
two  stars  over  the  meridian,  and  also  the  difference  of  their  com- 
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Hjy  puted  right  ascensions,  and  we  fi 

these  differences  to  be  precise 
equal,  the  instrument  will  be  c 
actiy  in  the  meridian;  if  they  c 
not  equal,  this  inequality  shows 
deviation  from  the  meridian. 

Let  NZS  be  a  meridian,  VZ 
the  vertical  circle  described  by  t 
telescope,  F  the  pole,  Z  the  zenil 
and  A  and  B  two  stars  observed  ' 
the  transit  telescope. 
Let  ^=the  latitude  of  the  place ; 

6  and  d^  =  the  declinations  of  the  two  stars ; 

A=the  difference  of  the  observed  times,  minus  t 

difference  of  right  ascensions ; 
a=the  azimuthal  deviation  of  the  transit. 
In  the  triangle  ZPA,  we  have 

sin.  PA :  sin.  ZA : :  sin.  PZA( =sin  AZS) :  sin.  ZPA, 

±       '        rj  rr-nk        ^  sin.  Z  ,^. 

COS.  d:sm.  Z::a:ZPA= ^ (1) 

COS.  0 

__a  sin.  (0— (5) 

~       COS.  6 

_a(sin.  0  COS.  d— cos.  tp  sin.  6) 

""  COS.  (5 

=a(8in.  0— COS.  ^  tang.  6). 

In  the  same  manner,  we  find 

ZPB=a(sin.  0— cos.  0  tang.  6'). 

Therefore,     APB=a  cos.  0(tang.  <5— tang.  (5^), 

APB 

or  fl= 77 z — 7 zt:^ 

COS.  0(tang.  d— tang,  d  ) 

But,  by  Trig.,  Art.  76, 

•        .         r.      8in,(A— B) 
tang.  A-tang.  B=^\^/^- 


or 


Hence 


a=- 


A  COS.  d  COS.  6' 


COS.  0  sin.  (d^—d)' 
The  sign  of  A  is  determined  from  the  equation 
A=(T--T)~(R"-R), 
where  T*  and  R"  represent  the  observed  time  and  right  aso© 
sion  of  the  most  northern  star. 
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Example.  Aug.  18, 1850,  the  transit  of  0  Ceti  (Deo.  8<^  57'  S.) 
was  observed  at  Greenwich  at  Ih,  16m.  0.95s,,  and  that  of  Po- 
laris (Dec.  88'^  3ty  N.)  at  Ih.  5m.  17.63s.,  the  dillereno©  of  the 
tabular  right  ascensions  of  tho  stars  being  10m.  40.39s.  Re- 
qnirt'd  tlio  azimnthal  error. 

The  difference  between  the  observed  pas^ges  is  10m.  43.32s.; 
hence  ii=— 2.933. 

2.938.  =  43'^9d  log.  =1.6430 
COS.  d  =8.4158 
COS.  eJ'= 9.9947 
s©o,  0=0.2056 
coeec.  97^  27^^0.0037 
a= -1^^83=0.2628 

Tho  azimxithal  deviation  may,  in  like  manner,  be  found  by 
comparing  any  two  stars  dillering  considerably  in  declination, 
tmd  whoso  places  are  known ;  but  it  is  always  best  to  employ 
Polaris,  or  some  close  circompolar  star,  for  one  of  the  stars. 

(94.)  Third  Method. — Bf/  two  circumpolar  stars  at  opposite 
culminations. 

There  are  two  stars  near  the  north  polo  which  culminate 
nearly  at  the  same  time,  one  aljovo  and  the  other  below  the 
pole.  These  stars  are  51  Cephci  and  «J  UrsEc  Minoris.  The 
observation  of  these  stars  affords  one  of  the  best  methods  of  de- 
termining the  deviation  of  the  transit  from  the  meridian.  The 
method  of  reduction  is  the  same  as  in  Art.  93,  except  that  in- 
stead of  6'  —  ^  we  must  put  ^'  -\-d^  since  one  star  is  below  the 
pole.  The  observed  transits  must  first  be  corrected  for  the  er- 
rors of  level  and  coUimation.  Then  put  ii  =  the  diiference  of  the 
observed  times,  minus  the  diiTcrence  of  the  right  ascensions,  neg- 
lecting the  12  hours.     The  error  in  azimuth  will  be 

^  cos.  d'  cos.  6 

a  = -: r, 

COS.  0sm.(«J'4-(y) 
Example.  On  the  9th  of  February,  1850,  the  transit  of  6 
tIrsEE  Minoris  (Dec.  86"^  35'  43^0*  sub  polo,  was  observed  at 
Greenwich  at  6h.  19m.  29.74s.,  and  that  of  51  Cephei  (Dec 
87°  15''  26^0  at  6h.  28m.  1.58s. ;  the  difference  of  the  tabular 
right  ascension  of  the  stars  being  i2h.  8m.  20.99s,  Required 
the  error  in  azimuth. 
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A=10.86s.=162^^75  log.=2.2115 
COB.  d"=8.6799 
COS.  d=8.7737 
sec.  <^=0.2056 
coseo.  6^  8^  5r^= 0.9703 
a=+6'"'.93=0.8410 
Hence  the  error  in  azimuth  is  ;{- 6^^.93. 
Since  the  observed  interval  between  the  stars  was  too  great, 
it  is  plain  that  the  telescope  pointed  to  the  west  of  the  true  me- 
ridian on  the  north  horizon. 

Problem. 

(95.)  To  compute  the  correction  to  the  time  of  transit  for 
the  error  of  azimuth. 

According  to  equation  (1),  Art.  93, 

cos.  o 
that  is,  the  numerical  correction,  in  seconds  of  time,  to  each 
transit  is  equal  to  the  azimuthal  error,  expressed  in  seconds  of 
time,  multiplied  by  the  sine  of  the  zenith  distance  and  the  se- 
cant of  the  star's  declination. 

Ex.  1.  The  transit  of  Castor,  Dec.  32^  12'  32^'  N.,  was  ob- 
served at  Greenwich,  February  22d,  1851,  at  7h.  24m.  6.52s., 
the  azimuthal  error  being  —  8^^.32.  Required  the  corrected 
time  of  transit. 

The  zenith  distance  of  the  star  was  19°  16'  7''. 

sin.  Z= 9.5186 
sec.  (5=0.0726 
8''.32=0.5546s.=9.7440 
-0.22s.=9.3351 
Hence  the  time  of  transit  corrected  for  error  of  azimuth  is  7h. 
24m.  6.30s.     By  combining  the  results  of  pages  64  and  67,  we 
find  the  time  of  transit  corrected  for  errors  of  level,  coUimation, 
and  azimuth  to  be 

7h.  24m.  6.52s. -.0.29s.-0.07s.-.0.22s.=7h.  24m.  5.94s. 
Ex,  2.  It  is  required  to  compute  the  corrections  for  the  fol- 
lowing observations  made  at  Greenwich,  February  22d,  1851: 
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SUr 


fS  Tauri 

6  Uram  Minons  S. 

Sirroi - . . 

Antaiei 


DodtiMtton. 


28  28N. 

86  36  N. 
16  31  S. 
26     5  S, 


OlNiBPTfili 

Truuil. 


k,   m.       «, 

&  15  53.56 

6   19  16  31 

6  37  36.3S 

16  19  17.27 


Errur  oT 


CoUini./  Lerd, 


-0,07,-^0  27 
+  L05+3.27 
-0,06-0.10 
-0.071-0,06 


Azlinatti 
— er  32. 


-02B 
-6,24 
-0,54 
-0.60 


oTTnuuiit 


52.97 
14.39 
35.62 
16,54 


The  errors  of  colliniationi  level,  and  azimuth  being  taken,  as 
given  at  the  head  of  columns  4,  5,  and  6,  the  computed  correc- 
tions are  as  given  aljove^  and  the  corrected  seconds  of  transit  are 
given  in  the  last  coltmin  above. 

(96,)  The  preceding  results  require  to  be  still  further  correct- 
ed for  Hio  error  of  the  clock,  and  we  shall  obtain  the  apparent 
right  ascension  of  the  object  observed.     Hence  wo  have 

R.A.=:(T  +  ct/)  +  a —       >    +0 ^^   ^    +- — ij  where 

cos.  O  COS.  O  COS.  6 

R.A.  =  the  apparent  right  ascension  required. 

T=ith6  observed  timo  of  transit,  as  shown  by  the  clock. 
di ^tliQ  correction  for  error  of  tho  clock;  plus  when  the 

clock  is  too  slow. 
o=the  deviation  of  the  telescope  in  azimuth;  plus  when 

tho  eastern  pivot  deviates  to  the  north  of  east. 
4= the  inclination  of  the  axis  of  the  telescope ;  plus  when 

the  west  end  of  the  axis  is  too  high, 
C— the  error  in  coUimation ;  plus  when  tho  mean  of  the 

wires  falls  on  the  east  side  of  the  optical  axis, 
^=the  latitude  of  the  place. 
d=the  declination  of  the  star, 

(97.)  The  coefficients  of  a,  i,  and  c^  being  of  daily  use  in  the 
reduction  of  observations,  should  be  computed  for  each  observa- 
tory. Table  IX.  furnishes  their  vahies  for  Washington  Observa- 
tory, by  means  of  which  tlie  reductions  are  made  with  great 
facility. 

Example,  It  is  required  to  compute  the  corrections  for  the 
following  observations  made  at  Washington  Observatory,  De- 
cember 30th,  1845 ; 
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Star. 

Dedlnattoa. 

Tnin«U, 

Error  of 

Seeoiidi 

Levels 

CaUim., 

or  Tnuiait 
CorrecU'd. 

a  Persci .,...,, 

y  Eriilfuii 

a  Tauri  ._..., 

a  AurigB 

(3  Taun  , 

+  49  18 
-13  67 
+  16  12 
+45  50 
+28  28 

A.  m.       «. 

3  13  56,67 

3  61  24.14 

4  27  39.13 

5  5  53  76 
5  17     7.60 

+0.063 
-0.247 
-0.121 
+0.052 
-0.063 

+  0.376 
+0.155 
+0.239 
+  0.355 
+0.270 

-0.130 
—0088 
— 0O8J9 
-0,122 
-0.097 

66.00 
23.96 
39.16 
64.04 

m 

The  errors  of  azimuth,  level,  and  collimation  being  taken,  as 
given  at  the  head  of  columns  4,  5,  and  6,  tlie  corrections  given 
above  are  readily  found  by  employing  the  coefficients  of  table 
IX. ;  and  the  corrected  times  of  transit  are  given  in  the  last 
column, 

(98,)  Of  the  figure  and  unequal  size  of  the  pivots  of  the 
trans  it  instru  m  cnt. 

The  pivots  of  the  horizontal  axis  of  the  tran&it  instrument 
ought  to  bo  perfectly  cylindrical.  By  the  assistance  of  the  level 
we  can  easily  determine  whether  such  is  the  case.  For  this 
purpose  we  place  the  level  ii[>on  the  pivots,  and  point  the  object 
end  of  the  telescope  downward,  as  low  as  possible ;  we  then  dL 
rect  the  telescope  upward,  as  far  as  the  level  wUl  permit  If 
the  bubble  of  the  level  remains  stationary  during  this  rotation^ 
we  may,  with  great  probability,  assume  that  the  pivots  are  cy- 
UndricaL  This  conclusion,  however,  is  not  necessarily  exact ; 
for  if  the  sections  of  the  pivots  were  perfectly  equal  curves,  of 
whatever  kind,  symmetrically  placed  with  respect  to  the  axis  of 
rotation,  the  bubble  would  not  be  disturbed  during  the  revolu 
tion  of  the  telesoopc.  As,  however,  the  coincidence  of  all  these 
conditions  is  not  to  l^e  expected,  we  may  safely  assume  the 
pivots  to  bo  cylindrical  when  they  will  stand  the  preceding  test, 

(99,)  If  the  pivots  are  made  j>crfectly  cylindrical,  but  of  un- 
equal diameters,  when  the  level  is  placed  upon  the  pivots,  and 
the  telescope  revolved,  the  bubble  will  not  change  its  position, 
but  the  inclination  of  the  axis,  shown  by  the  readings  of  the 
level,  will  be  erroneous ;  for  if  the  axis  of  rotation  were  per- 
fectly horizontal  while  the  pivots  were  unequal,  the  level  would 
indicate  an  inclination,  and  the  thickest  end  of  the  axis  would 
appear  to  be  higher  than  the  other.  Let  this  inclination  bo 
accurately  measured  by  means  of  the  level.  Now  reverse  the 
axis  of  the  telescope.     If  the  largest  pivot  was  before  on  the 


I 

i 


The   Transit   Instrument. 


n 


east  side  of  the  telescope,  it  will  now  be  on  the  west  side,  and 
the  inclination  of  the  axis  will  bo  , changed.  Let  the  inclina- 
tion be  again  accurately  measured  by  means  of  the  level.  One 
half  the  ilifTorence  between  the  level  errors  in  the  two  positions 
of  the  axis  gives  the  effect  of  the  difference  in  the  diameter  of 
the  pivots  ;  and  one  fourth  the  difference  gives  the  effect  of  the 
difference  in  the  radii  of  the  pivots,  which  is  a  correction  to  be 
always  subtracted  from  the  larger  end. 

(100.)  For  example,  Mr.  Curley,  at  the  Georgetown  Observa- 
tory,  in  184G,  found  that  when  the  pivot  C  of  his  transit  instru* 
ment  rested  on  the  west  Y,  the  cast  end  of  the  axis  ai>peaied  to 
be  too  high  by  1''^.046 ;  but  when  the  same  pivot  rested  on  tho 
east  Y,  the  east  end  of  the  axis  appeared  to  be  too  high  by  V\660, 
Hence  the  pivot  C  is  the  largest,  and  the  correction  to  the  level 
error  on  account  of  the  difference  in  the  diameter  of  the  pivots  is 

1.660-1.046       ^,^,,0  rni*  .*  '      .     1^  1       1   .         ,1 

— - — -=0  Ao-S,     This  correction  is  to  be  applied  to  all 

4 

level  readings  with  this  histrument,  inasmuch  as  the  level  de- 
termines only  the  inclination  of  tlie  tops  of  tlie  pivots,  while  in 
transit  observations  we  require  to  know  the  inclination  of  the 
axis  of  the  pivots. 


TRANSIT   OBSERVATIOKS    RECORDED    BV   MEANS    OF   ELECTRO-.%tAG- 

NETISM* 

(101.)  Quite  recently  there  has  been  introduced  a  new  meth* 
od  of  recording  transit  observations  by  means  of  electro^magnet- 
ism.  This  apphcation  involves  two  contrivances  entirely  dis- 
tinct from  eaoh  other.  The  first  is  a  method  by  which  an  as- 
tronomical clock  may  be  roade  to  break  the  electric  circuit  at 
the  end  of  every  second  ;  and  the  other  is  the  register,  for  re- 
cording not  only  tho  beats  of  the  clock,  but  also  any  other  arbi- 
trary signals  at  the  pleasure  of  the  operator, 

1st.   The  electric  clock. 

(102.)  Tho  electric  circuit  may  bo  broken  every  second,  by 
means  of  a  clock,  in  a  variety  of  ways.  Dr.  Locke  introduced 
into  the  astronomical  clock  a  wheel  with  60  teeth,  which  makes 
one  revolution  per  minute.  Each  ttx)th,  in  succession,  strikes 
against  tho  handle  of  a  platinum  tilt-hammer,  AC,  weighing 
about  two  grains^  and  knocks  up  the  hammer,  which  almost 
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immediately  falls  to  a  state  of  rest  on  a  bed  of  platinum*  The 
fulcrumj  B,  of  the  tilt-hammer  and  the  platinura  bed  rest,  sev- 
erally, on  a  small  bloek  of  wood*  Each  is  connected,  by  wires 
D  and  E,  with  a  jxjle  of  the  galvanic  battery,  and  the  circuit  is 
alternately  broken  and  completed  by  the  rising  and  falling  of 
the  hammer.  The  circuit  is  open  about  one  tenth  of  a  second, 
and  closed  the  remaining  nine  tenths  of  each  second. 

(103.)  Professor  Bond  insulates  the  axis  of  the  escapement 
wheel,  and  also  the  axis  of  the  steel  pallets,  by  a  ring  of  shellac* 
Wires  from  the  two  poles  of  the  battery  are  connected  with 
each  axis,  so  that  when  either  paOet  comes  in  con* 
tact  with  an  escapement  tooth,  the  galvanic  circuit 
is  closed ;  and  when  the  contact  is  broken  (as  it 
must  be  at  every  oscillation  of  the  pendulum),  the 
galvanic  circuit  is  opened. 

(104.)  At  the  Washington  Observatory  the  same 
object  was  accomplished  in  the  following  manner: 
A  small  piece  of  metal,  M,  is  attached  to  the  back 
of  the  clock,  near  the  lower  extremity  of  the  pendu- 
lum, and  upon  it  is  placed  a  small  globule  of  mer- 
cury, so  that  the  index,  B,  attache^l  to  tlio  lower 
extremity  of  the  pendulum  may  pass  through  the 
globule  of  mercury  once  every  vibration.  A  wire 
from  one  pole  of  the  battery  is  connected  with  the 
siipportii  of  the  pendulum,  C,  and  another  wire 
from  the  other  |K)le  of  the  battery  connects  with 
—  the  metallic  support  of  the  uxeroury  globule*     If, 
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now,  the  pendulum  were  at  rest,  with  the  pomter,  Bj  in  the  mer- 
cury, it  is  evidtint  that  the  electrio  cireiiit  would  be  complete 
through  tho  pendulum.  If,  then,  the  pendolura  be  set  in  mo- 
tioUj  it  will  break  the  cirouit  whenever  it  passes  out  of  the  mer- 
curjj  and  restore  it  again  as  sonn  as  it  tout'lif^s  the  mercury. 

(105.)  Mr*  Saxton  employed  a  small  tilt-hammer,  like  Dr. 
Locke,  but  he  broke  tlio  circuit  by  means  of  a  small  glass  pin 
projecting  from  the  pendulum. 

ABC  represents  a  fine  platinmn  wire,  mounted  upon  a  pivot 
at  B,  the  end  A  being 
somewhat  heavier  than 
the  other,  and  resting 
ujTon  a  metjillic  bed,  D. 
At  C,  the  wire  is  bent 
so  as  to  form  an  obtuse 
angle.  The  wire  E 
goes  from  D  fo  one  pole 
of  tho  battery,  while  """^ 
the  wire  H,  from  the 
other  polo  of  the  battery,  commonicates  with  tho  metallic  sup- 
port, <i,  and  tliencc  with  the  wdre  AB.  When  the  end  A  of 
the  platinum  wire  rests  upon  tho  suppfjrt  D,  it  is  evident  tliat 
the  eleetric  circuit  is  complete.  This  apparatus  is  placed  near 
the  middle  of  the  pendulum  (a  portion  of  which,  IK,  is  repre- 
sented in  the  cut),  and  just  in  front  of  it,  so  that  tho  pendulum 
may  swing  behind  it  without  obstruction.  A  small  glass  pin, 
F,  about  half  an  inch  in  length,  is  attached  to  the  pendulum 
in  such  a  position  that,  at  every  vibration  of  tJio  pendulum,  the 
pin  shall  shghtly  impinge  ujion  tho  angle  C  of  tlie  platinum 
wire,  and  force  up  the  end  A*  As  soon  as  the  pin  has  passed 
the  point  C,  the  end  A  falls  back  again  u]>on  its  support,  D. 
Thus,  at  every  vibration  of  the  pendulum  ^  the  end  A  of  the 
platinum  wire  is  lifted  about  a  tenth  of  a  second,  and  rests 
upon  D  daring  the  remaining  nine  tenths  of  tho  second.  At 
present  (1881),  at  the  Washington  Observatory,  the  electrio 
circuit  is  closed  by  a  small  pbtiimm  point  which  projects  from 
the  middle  of  the  pemlnlum  rotl,  and  at  each  vibration  touches 
the  surface  of  a  small  globule  of  mercury. 

2d.  The  Beguter. 
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(106.)  The  most  obvious  mode  of  registering  the  beats  of  the 
clock  is  upon  a  long  fillet  of  paper,  after  the  ordinary  method 
of  telegrapliic  oommunications.  If  the  paper  he  allowed  to  run 
through  an  ordinary  Morso  registering  apparatus,  and  the  circuit 
he  broken  every  second  by  the  clock,  the  graver  will  trace  ojion 
the  paper  a  series  of  lines  of  eqoal  length,  separated  by  short 
interruptioni^,  thus: 

It  is  easy  to  reverse  the  action  of  the  graver,  so  that^  when 
the  circuit  is  complete,  the  paper  shall  be  entirely  free,  and  a 
dot  be  made  by  the  breaking  of  the  circuit,  A  paper  graduated 
into  seconds  by  this  arrangement  exhibits  dots  with  long  inter- 
vening spaces,  thus : 

instead  of  long  lines  with  short  blanks,  as  shown  before. 

In  order  to  indicate  tho  commencement  of  the  minute,  a  dot 
may  be  omitted  at  tho  end  of  every  60  seconds.  This  is  ac- 
comphshed  in  Dr.  Locke's  clock  by  omittmg  one  tootli  in  the 
wheel  which  breaks  the  circuitj  as  shown  at  H,  in  the  figure, 
page  76. 

(107.)  The  mode  of  using  the  register  for  marking  the  date 
of  any  event,  is  to  tap  on  a  break-circuit  key  simultaneously 
with  the  event.  The  beginning  of  the  short  fine  thus  printed 
upon  the  graduated  scale  of  tho  register,  fixes,  by  a  permanent 
record,  tho  date  of  the  event.  Thus  A  represents  such  a  record 
printed  upon  the  graduated  }>aiKT. 

_  _  ^    A  _  _  _ 

By  tapinng  upn  the  key  at  tho  'nstant  a  star  is  seen  to  pass 
each  of  tho  wires  of  a  transit  instrument,  the  observation  is  in- 
stantly and  permanently  recorded.  The  usual  rate  of  progress? 
of  the  fdlet  under  the  pen  is  ab^ut  one  inch  |ier  second,  and 
the  observations  are  read  off  by  means  of 
a  graduated  transparent  scale,  about  an 
/  inch  square,  as  represented  in  the  annexed 
cut,  consisting  of  equidistant  and  parallel 
lines,  ruled  upon  a  piece  of  glass  by  means 
of  a  diamond,  or  etched  w^th  fluoric  acid. 
If  the  interval  between  the  second  dots 
be  greater  than  the  breadth  of  the  scale, 
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the  scale  is  turned  obliquely  across  the  fillet,  until  the  first  and 
last  divisions  exactly  €oni|>rehend  the  space  between  tlio  two 
second  dots»  Let  the  distance  from  4s.  to  5s.,  on  the  above 
scale,  be  the  distance  on  the  fillet  between  the  fourth  and  fifth 
seconds,  and  let  the  dot,  a,  between  them  represent  the  obser- 
vation. It  apficars,  by  inspection,  that  the  observation  was  re- 
corded between  4,7  and  4.8  seconds.  The  distance  of  a  from 
the  nearest  scale  division  may  be  estimated  to  tenths.  Thus 
time  is  accurately  measured  to  tenths,  and 
may  be  estimated  to  hundredths  of  a  second* 
On  some  aocounts,  it  is  more  convenient  to 
employ  a  scale  consisting  of  diverging  lines, 
as  represented  in  the  annexed  cut,  so  that  the 
breadth  of  the  scale  may  always  exactly  com- 
prehend the  interval  between  the  second  dots, 
which  intervals  must  necessarily  vary  some- 
what in  length* 

(108.)  This  method  of  recording  transits  not  only  possesses  the 
advantage  of  precision,  but  also  of  performing  vastly  more  work 
in  a  given  time.  Fifteen  seconds  is  the  ordinary  equatorial  in- 
terval for  the  wires  of  a  transit  instrument ;  but  when  the  tran- 
sits are  printed  on  paper,  in  the  manner  now  described,  tliis  in- 
terval may  easily  bo  reduced  t^  two  or  three  seconds.  The  value 
of  a  night's  work  with  the  transit  instrument  is  thus  increased 
many  fold. 

To  obviate  the  incujnvenience  of  a  long  fillet  of  pa[)er,  Mr, 
Saxton  has  substituted  a  cylinder,  alwut  eight  inches  in  diam- 
eter and  two  feet  long,  enveloped  with  pa|>er,  which  may  be  re- 
moved at  pleasure.  This  cylinder  is  made  to  revolve,  with  a 
uniform  motion,  upon  a  screw  axis,  so  that  the  recording  dots 
are  made  upon  a  i>eq>etual  spiral.  On©  sheet,  filled  in  tliis 
manner,  will  contain  about  two  hours'  work  with  a  transit  in- 
strument. 

(109.)  In  order  to  secure  the  full  advantage  of  the  preoading 
method,  it  is  important  that  tlie  paper  which  contains  the  reg- 
ister be  made  to  advance  with  entire  uniformity-  The  Messrs. 
Bond  have  invented  for  this  purpose  a  machine  wliich  they  call 
the  Spring  Governor,  consisting  of  a  train  of  clock-work  con- 
nected with  the  axis  of  a  fiy-wheeL     It  has  an  escapement* 
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wheel,  into  the  teeth  of  which  pallets  are  operated  by  the  oscil- 
[  lations  of  a  pendulum,  as  in  ordinary  clocks,  the  wheel  being  so 
oonnected  with  its  axis  by  a  spring  aa  to  allow  the  axis  to  move 
while  the  wheel  is  detained  by  the  pallets.  The  register  is  mado 
upon  a  sheet  of  paper  wrapped  round  a  cylinder. 

Professor  Airy,  in  order  to  impart  a  uniform  motion  to  the 
paper,  employs  a  large  conical  pendulum,  revolving  in  a  circle, 
whose  diameter  is  about  equal  to  the  arc  of  vibration  of  an  or- 
dinary seconds  jiendulum* 

At  the  Washington  Observatory  the  recording  cylinder  makes 
one  revolution  in  a  minute,  and  its  uniform  motion  id  secured 
by  a  spring  making  132  vibrations  in  a  second. 

PERSONAL    EQUATION, 

(110.)  We  frequently  find  that  two  individuals,  both  of  whom 
have  been  well  trained  in  transit  observations,  will  differ  by  a 
large  and  nearly  constant  quantity  in  observing  the  exact  mo- 
ment  at  wliich  a  star  passes  a  transit  wire.  This  difference  is 
called  their  persona!  equalkni ;  and  an  allowance  should  al- 
"ways  be  made  for  it  %vhenever  observations,  which  have  been 
1  made  by  two  individuals  for  the  determination  of  absolute  time, 
are  to  be  combined.  Tliis  equation  may  be  determined  by  either 
of  the  following  methods : 

(111.)  First  Mi'tJiod* — Let  one  observer  note  the  passage  of 
a  star  over  the  first  three  or  four  wires  of  the  transit  instrnment, 
and  the  other  observer  note  tlio  same  star  over  the  remaining 
wires.  Let  each  set  of  observations  be  reduced  to  the  mean 
wre  by  employing  the  equatorial  interval  previously  determined. 
The  difference  between  the  two  mean  results  thus  obtained  is 
the  personal  equation  of  the  observers.  A  dozen  stai^  observed 
in  the  course  of  an  hour,  wUl  furnish  this  equation  within  a  few 
hundredths  of  a  second, 

(112.)  Svcand  Method, — The  same  object  may  bo  accom* 
plished  still  more  conveniently  by  employing  an  equatorial  tel- 
escope. Place  tho  two  tlureads  of  the  micrometer  at  a  distanco 
from  each  other  equal  to  about  ten  seconds  of  time,  and  adjust 
them  to  the  jxjsition  of  an  hour  circle.  Direct  the  telescope  upon 
a  star  near  the  meridian,  and  let  the  two  astronomers  observe 
the  passage  of  tlie  star  over  the  two  wires  alternately.     By 
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means  of  the  tangent  screw  telonging  to  the  hour-cirele,  bring 
the  star  back  again,  and  repeat  the  observation  as  many  times 
as  may  be  thought  necessary ;  suppose,  for  exainpk,  20  times* 
At  10  of  the!<e  observations,  the  individual  A  should  have  made 
the  observation  at  the  first  wire,  and  the  individual  B  at  the 
second ;  and  vice  versa  for  the  other  1 0  observations.  Let  M 
represent  the  mean  of  the  first  set  of  observations,  and  M'  the 
mean  of  the  second  set  of  observations ;  then  will  the  personal 
equation  be 


In  1843,  Dr.  Peterson,  at  Altona,  and  M.  0.  Struve,  of  the 
Pulkova  Observatory,  from  a  series  of  observations  made  M  = 
7.175s.,  and  M'  =  7.581s.  Hence  their  personal  equation  was 
0,2033, 

In  the  same  manner,  the  personal  equation  between  Dr.  Pe- 
terson and  M,  Sabler,  of  the  Pulkova  Observatory,  was  found  to 
be  0.324s. 

The  personal  equation  between  the  late  Professor  Henderson, 
of  the  Edinburgh  Observatory,  and  Mr.  Wallace,  his  assistant, 
was  0.42s. 

This  personal  equation  is  but  another  name  for  positive  error 
in  the  estimation  of  fractions  of  a  second ;  and  it  not  only  va- 
ries with  diliereot  individuals,  but  varies  with  the  same  indi- 
vidual at  diflerent  times.  The  amount  of  this  error  in  skillful 
and  long-practiced  observers  is  truly  surprising.  Observations 
made  by  dilTerent  individuals  for  the  determination  of  absolute 
time  should  therefore  never  be  combined  without  investigating 
the  personal  equation  of  ihe  observers. 

(113,)    ChlUniating  iekscopts. — As   a    substitute    for  distant 

meridian  marks,  the  following  arrangement  is  now  generally 

adopted  in  the  large  observatories.    Two  small  telescopes,  A  and 

a 


fF=aD 


B,  are  mounted  on  piers  in  the  transit  room  with  their  optical 
axes  nearly  in  the  same  Hne  with  that  of  the  telesooi>e,  C,  of  the 
transit  instrument,  one  north  and  the  other  south  of  it*     The 
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object-glasses  of  the  telescopes  A  and  B  are  turned  towards' 
each  other,  aad  therefore  towards  the  transit  instrumeot. 

Let  Oj  o\  and  o"  be  the  optical  centreis  of  the  three  object- 
glasses  ;  let  5,  s\  and  5''  be  the  foci  for  parallel  rays,  and  suppose 
each  of  the  collimators  to  have  a  single  vertical  wire  in  its  fo- 
cus. Rays  of  light  proceeding  from  a  wire  at  «,  5',  or  5"  will 
emerge  from  the  object-glass  of  the  telescope  as  parallel  rays* 
If  Uie  telescope  C  be  pointed  uixin  A,  an  image  of  the  wire  at 
s  will  be  formed  at  s" ;  and  if  the  telescope  C  be  pointed  upon 
B,  an  image  of  the  wire  at  5'  will  be  formed  at  s'\  In  the 
north  and  south  sides  of  the  central  cube  of  the  transit  instru- 
ment let  a  circular  aperture  be  made,  so  that  when  the  axis  of 
the  telescope  C  is  placed  vertically,  an  image  of  the  wire  of 
either  collitnator  will  be  formed  at  the  focus  of  the  other,  and 
either  wire  may  be  adjusted  so  as  to  coincide  exactly  with  the 
imnge  of  the  other.  The  two  sight  lines  of  the  collimators  will 
then  be  iu  the  same  straight  line,  or  will  be  parallel  to  each 
other,  and  their  wires  when  viewed  by  the  transit  telescope  C 
will  represent  two  objects  infinitely  distant,  whose  diflerence  of 
azimuth  is  180'^.  Let  now  the  telescope  of  the  transit  instru- 
ment be  directed  towards  the  collimator  A.  An  image  of  the 
wire  at  5  will  be  formed  at  5",  and  we  will  suppose  that  it  does  not 
coincide  exactly  with  the  central  wire  of  the  transit  telescope, 
but  is  seen  at  a  small  distance  from  it  upon  its  west  side.  Let 
this  distance,  771,  be  carefully  measured  by  a  micrometer.  Now 
revolve  the  telescope  C  upon  its  rotation  axis  and  direct  it  to- 
w^ards  the  collimator  B.  An  image  of  the  wire  at  s'  will  be 
formed  at  s'\  but  it  probably  will  not  coincide  with  the  middle 
wire  of  the  transit  telesci^pe.  Let  this  distance,  m',  be  measured 
by  the  micrometer.  We  shall  then  have  the  collimation  error 
equal  to 

where  m  and  m'  represent  the  distances  of  the  middle  wire  of 
the  transit  telescope  west  of  the  north  and  south  ooUiraator 
wires. 
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MURAL    CIRCLE. 

(114.)  The  moral  circle  consists  of  a  metallic  circle,  com- 
monly of  brass,  from  four  to  six  feet  in  diameter  when  iotended 
for  a  large  observatory.  Its  circumfereoce  is  graduated  into 
degrees  and  minutes,  and  these  are  subdivided  into  ^-^eeonds  by 
a  vernier  or  a  reading  microscoj^.  It  revolves  upon  a  horizon- 
tal axis,  inserted  in  a  stone  pier,  so  situated  that  the  plane  of 
the  circle  may  coincide  with  the  meridian.  The  figure  on  the 
following  page  represents  the  mural  circle  used  for  many  years 
at  the  Greenwich  Obseryatory*  The  circle  aaaa  is  six  feet  in 
diameter,  of  brass,  and  connected  with  the  central  nucleus  by 
sbtteen  spokes,  or  conical  radii.  A  circle  of  bracing  bars  is  in* 
terposed  to  bind  the  cones  together,  half  way  between  the  outer 
ring  and  the  centre.  The  axis  is  a  cone  of  brass,  nearly  seven 
inches  in  diameter  in  front,  but  behind  only  about  half  as  much, 
and  nearly  four  feet  long. 

(115,)  The  telescope,  MM,  has  a  focal  length  of  six  feet  two 
inches,  the  aperture  is  fom  inches,  and  its  common  magnifying 
jKJWer  about  150.  At  its  focus  are  five  vertical  wires,  and  a 
horizontal  stationary  one,  besides  a  micrometer  wire,  movable 
in  altitude,  whoso  head  is  divided  into  100  equal  parts.  The 
telescope  is  attached  to  the  circle  at  the  centre  by  a  steel  axis, 
which  passes  through  the  proper  axis  of  motion  from  end  to 
end,  so  that  the  motion  of  the  telescope  round  its  own  axis  is 
concentric  with  that  of  the  circle.  For  the  purpose  of  fixing 
the  telescope  in  any  position  with  respect  to  the  circle,  there  are 
two  clamps,  one  at  each  end,  which  may  be  secured  to  the  ex- 
terior border  of  the  circle. 

The  limb  of  the  circle  consists  of  two  rings,  the  interior  one 
having  its  plane  parallel,  and  the  exterior  one  perpendicular  to 
the  plane  of  the  circle,  so  that,  when  united,  their  section  is 
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angles  less  than  five  minutes.     Fiff.  1  represents  tlie  appear- 


Fig,  2. 


ance  of  one  of  these  microscopes.  It  is  a  compound  micro- 
scope, consisting  of  three  lenses,  one  of  which  is  the  object  lens, 
at  L,  and  the  other  two  are  formed  into  a  positive  eye^pieoe, 
G  H.  In  the  common  focus  of  the  object  lens  and  the  eye- 
piece, at  K,  is  placed  the  spider-line  micrometer,  similar  in  prin- 
ciple to  that  described  in  Art.  38.  It  consists  of  a  small  rect- 
angular frame,  across  which  are  stretched  two  spider  lines, 
forming  an  acute  cross,  and  is  moved  laterally  by  means  of  a 
screw,  whose  head  is  divided  into  60  equal  parts*  Fig'.  2 
shows  the  field  of  view,  with  the  magnified  divisions  on  the  in- 
strument, as  seen  tlirough  the  microscope.  When  the  micro* 
scope  is  properly  adjusted,  the  image  of  the  divided  limb  and 
the  spider  lines  are  distinctly  visible  together ;  and,  also,  five 
revolutions  of  the  screw  must  exactly  measure  one  of  the  5^ 
spaces  on  the  limb.  If  the  five  revolutions  do  not  include  the 
whole  of  one  space,  the  object  lens  must  be  screwed  up  toward 
the  image  of  the  limb,  and  the  position  of  the  microscope  al- 
tered till  distinct  vision  is  obtained  both  of  the  spider  lines  and 
the  divisions  of  the  limb.  It  may  require  repeated  trials  before 
these  conditions  are  completely  fulfilled.  Moreover,  it  is  found 
that  changes  of  temjierature  and  other  causes  produce  a  con- 
tinual variation  in  the  value  of  one  division  by  the  microscope. 
Each  of  the  microsco|Tejs  must  therefore  be  examined  from  time 
to  time,  and  allowance  made  for  error  of  runs*  It  is  usual  to 
measure  the  value  of  one  division  of  the  circle  by  each  micro- 
scope, at  several  different  parts  of  the  circle,  and  take  the  mean. 
The  following  example  is  taken  from  the  Washington  observa- 
tions of  1845 : 
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July  15^  1843.     Error  of  runs  of  tlio  six  inicrosco|>es  determ* 
ined  for  four  points  of  the  circle. 


Polniw* 

A.        1        B. 

c. 

1). 

E.                F. 

Mean. 

72 

+2.0 

+2.3 

+2.5 

+  0.5 

+  1.2 

+  0.0 

+  1.417 

112 

2.5 

3.1 

1.4 

1.7 

2.3 

1.7 

2.117 

240 

2.0 

1.9 

1.8 

1.0 

2.5 

2.0 

l.S(37 

360 

1.8 

2.2 

1.7 

1.9 

1.7 

1.0 

1,717 

Mean . 

+2.07 

+2.37 

+  1.85 

+  1.27 

+  1.92 

+  1.171  +  1.779 

The  average  error  of  the  six  microscopes  for  an  arc  of  5  min- 
utes, July  lt5th,  was  + 1'',779.  Consequently,  j^maller  arcs, 
which  are  measured  by  the  microscopes,  should  have  a  propor- 
tional part,  of  this  error  applied  to  them  ;  that  is,  the  correction 
due  to  an  observation  for  error  of  runs  is 


where  E  repre-sonts  the  observed  error  of  runs,  and  M  is  the 
mean  of  the  miexoscopes,  omitting  the  largest  contained  multi- 
ple of  0  minutes. 

(117.)  The  axis  of  the  circle  is  made  horizontal  by  the  aid  of 
a  plumb  line,  suspended  iii  front  of  the  circle,  and  viewed  byJ 
two  microscopes,  one  near  the  top,  and  the  other  near  the  bottom 
of  the  circle.  Or,  as  this  instrument  is  supposed  to  be  used  in 
conjunction  with  a  transit  instrument,  we  may  render  the  axis 
horizontal  by  moving  tJie  adjusting  screws,  so  as  to  make  a  zen- 
ith star  pass  the  middle  wire  at  the  instant  the  star  is  passing 
the  middle  wire  of  the  transit.  "We  may  also  bring  the  plane  ofi 
the  circle  into  the  meridian  by  selecting  a  star  near  to  the  hori- 
zon, and  moving  tho  proper  screws  so  as  to  cause  it  to  pass  the 
middle  wire  at  the  same  instant  that  it  passes  the  middle 
of  tho  transit, 

(118,)  To  make  au  observation  with  the  mural  circle,  tlie  te^ 
escope  is  pointed  u|>on  a  star  just  before  it  passes  the  meridifl 
and,  by  means  of  the  tangent  screw,  the  telescope  is  moved  ij 
altitude  until  tlie  star  appears  bisected  by  the  hori?ontal  vire 
An  index  or  pointer  shows  the  number  of  degrees,  an«*  tl-»*i  n^ot 
est  five  minutes,  while  the  minutes  less  than  five  and 
are  obtained  from  the  microscopes. 
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The  following  observations  were  made  at  Washington,  No- 
vember 28, 1845 : 


Sun. 

POIBIV. 

A. 

B. 

c. 

u. 

E. 

F. 

ij  Tauri 

315  15 

0  37.5 

65.0 

55.3 

39.6 

75.7 

37.7 

a  Tauri 

322  40 

1  15,5 

44.G 

36.0 

18.6 

56.2 

14.7 

a  Orionis  .... 

331  30 

0  22.5 

52.0 

43.0 

26.0 

63.3 

21.0 

e  Canis  Majnris . 

7  35 

1  45.6 

77.8(66.0 

53.2 

83.6 

43.6 

It  is  required  to  determine  the  true  circle  readings,  the  error 
of  runs  on  an  arc  of  o^  at  the  time  of  each  of  the  preceding  ob- 
servations bemg  ^  r^51 ;   -1^76;  -V'M;  -r^83. 

The  mean  of  the  seconds  readings  by  the  six  microscopes  for 
f]  Tauri  is  Sl'.SO.  The  error  of  runs  for  5'  being  —  1  \51,  thu 
error  for  6V\S  will  he  — 0".27,  which,  subtracted  from  the  pre- 
ceding mean,  gives  52^^07  for  the  number  of  seconds.  The 
pointer  indicates  315^  15'*  Henco  tlie  concluded  circle  reading 
is  315^  15'  52 '.07. 

For  a  Tanri»  the  mean  of  the  seconds  readings  by  the  six  mi- 
croscopes is  30  ":93 ;  correction  for  runs,  +  0'^54,  tDaking  31  '.47. 
The  pointer  indicates  322*^  40',  and  the  microscopes  give  1' 
3r^47.     Hence  the  ooncluded  circle  reading  is  322'^  41"  31 ''.47. 

For  a  Orionis,  mean  of  the  six  microscopes,  37^^97 ;  correc- 
tion for  runs,  -1-0^23. 

Concluded  circle  reading,  331°  30'  38'^20, 

For  f  Canis  Majoris,  mean  of  microscopes,  61^^63 ;  correction 
for  runs,  +0  .77. 

Concluded  circle  reading,  7^  37^  2'''.40. 

These  results  require  to  be  still  further  corrected  for  refrac- 
tion, which  is  furnished  by  Table  VIII. 

(119.)  To  determine  the  horizontal  pointy  or  the  zenith 
point,  on  the  timh  of  the  cirele. 

Point  the  telescope  upon  any  known  star  when  it  crosses  the 
meridian,  and  record  the  reading  of  the  circle.  On  the  next 
night,  observe  tl;  star  as  it  crosses  the  meridian,  by  point- 

ing the  te!**-"- '  *^tr  ttt-5^'7-  of  the  star  reflected  from  the 

surface  of  1 1  of  a  fluid  at  rest  is  horizon- 

tal, and  m  '  n    ;  equal  to  the  angle  of  inci* 

(ice»  tbih  nil  i;;l  ^vii"  '    T    I  i -sed  below  the  hori- 

ih'^  i<tar  it^^^^        ._.'  intercepted  on  the 
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limb  of  the  circle,  between  the  star  and  its  reflected  image,  is 
the  double  altitude  of  the  star,  and  its  middle  point  is  the  hori- 
zontal point  of  the  circle,  allowing  for  the  difference  of  refraction 
at  the  moments  of  observation.  By  skillfnl  management  it  is  pos- 
sible to  observe  the  star  on  the  same  nighty  both  by  reilectioa  and 
direct  vision,  sufBcicntly  near  to  the  meridian  to  give  the  horizon- 
tal  point  without  risking  the  change  of  refraction  in  24  hours,   ■ 

(130.)  This  may  be  effected  in  the  following  maimer:  Sev- 
eral minutes  before  the  star  in  question  comes  to  the  meridian, 
let  the  telescope  bo  pointed  downward  upon  a  basin  of  mercury, 
previously  placed  in  the  proper  position  to  see  the  star  reflected 
from  its  surface.  Let  the  telescope  be  firmly  clamptHl,  and  the 
six  microscopes  be  read  and  registered.  When  the  star  enters 
the  field  of  the  telescope,  let  it  be  foUowed  by  the  micrometer 
wire  which  moves  in  altitude,  and  let  it  he  accurately  bisected 
at  the  instant  the  star  passes  the  first  vertical  wire.  Then  un- 
clamp  the  telesco{>e  and  point  it  upward  toward  the  star ;  and^fl 
by  means  of  the  tangent  screw,  let  tlie  telescope  bo  moved  in 
altitude  until  the  star  is  brought  upon  tlie  fixed  horizontal  wircj 
and  let  it  be  accurately  bisected  at  the  instant  of  its  passing  the 
last  vertical  wire*  The  obser\^er  may  then  read  the  microscopes 
at  his  leisurcj  and  also  the  micrometer  of  the  telescope.  Know- 
ing the  value  of  one  revolution  of  the  screw,  the  first  observation 
is  easily  reduced  to  the  fixed  horizontsil  wire,  so  that  we  have 
secured  a  reflected  observation  at  the  first  vertical  wire,  and  a 
direct  observation  at  the  last  vertical  wire.  Both  of  the  observ- 
ations are  to  be  reduced  to  the  middle  wire,  as  explained  iti  Art 
174.  The  mean  of  the  two  observations  thus  corrected  fiinibh- 
es  the  horizontal  \mmt  on  the  circle. 

(121.)  The  nadir  |>oint,  and,  consequently,  the  zenith  jioint 
of  the  circle,  may  also  be  found  in  the  mode  described  in  Art. 
H7.  When  the  telescope  is  directed  vertically  downward  upon 
a  basin  of  mercury,  and  the  reflected  image  of  the  horizontal 
wire  is  brought  to  coincide  with  its  direct  image,  the  telescope 
is  directed  toward  the  nadir^  which  is  distant  90  degrees  from 
the  horizontal  point,  or  180  degrees  from  the  zenith  |>oLnt  As 
this  observation  can  bo  made  at  any  time  indeiiendently  of  the 
weather,  it  is  a  most  valuable  method,  and  in  many  observato 
ries  is  the  one  exclusively  employed. 
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(122.)  Tho  horizontal  pointj  determined  by  direct  and  reflect- 
ed observations,  ehould  diflbr  exactly  90^^  from  the  zenith  pjint, 
determioed  by  the  coliimating  eye-piece.  By  combining  the  two 
ntethods,  therefore,  %vo  have  the  means  of  tejsting  tho  accuracy 
of  each  of  them.  The  following  are  the  result)*  of  observations 
made  at  Washington  in  1845 : 


sur. 


I    lIvfixMitttL  PoiDt. 


2etittli  Point. 


Aug.  1  if  Urso?  Mmoris 
^'  4'j  UrstB  Minoris 
^*  1^'<5  Ursa?  Minori^s 
*    23  a  UrsEB  Minoris 

Oct  30|y  Cephei  .... 

Nov.  7|y  Cephei  .... 
*'     18;yCe[>hei  ,   .   .   . 


330     0     1.16 '240 

|330     0     1.42  240 

30     0     0.01300 

29  57  3417,299 


1.30 

0.65 
LOO 


PsJDjrencc. 


^0.14 

+0.77 
-0.99 


100 
120 
KiO 


3.02190 
K50  210 


35.23-1.06 
3.22-0.20 

8.40+0.10 


0  lLH0  2oO     0  ll!69|+o!ll 


Daring  the  interval  of  these  ob.scr\"ation.S|  tlie  po.sition  of  the 
telescope  was  repeatedly  changed,  5o  that  tho  horizopt-td  point 
was  bmught  ii|xm  ditVorent  |»arts  of  the  circle.  The  last  column 
in  the  above  table  shows  tlie  errors  of  tho  obser^^ations,  combined 
mth  the  error  in  the  graduation  of  the  circle  ;  yet  tho  resulting 
error,  it  will  bo  seen,  is  scarcely  appreciable. 


TRANSIT    CIRCLE. 


(123.)  As  the  mural  circle  has  a  short  axis,  its  position  in  the 
meridian  is  unstable,  and  therefore  it  can  not  be  relied  ujion  tu 
give  the  right  ascension  of  stars  with  great  accuracy.  It  was 
formerly  thought  necessary  at  Greenwich  to  have  two  instru- 
ments for  determining  a  star's  place  ;  viz.,  a  transit  instrument 
to  determine  its  right  ascension,  and  a  mural  circle  to  determine 
its  declination.  The  German  astronomers  have,  however,  com- 
bined both  instruments  in  one,  under  the  name  of  meridian  circle, 
■which  is  essentially  the  transit  instrument  already  described, 
with  a  large  graduated  circle  attached  to  its  axis.  Until  re- 
csentiy,  the  English  astronomers  have  generally  cx>ntendcd  that 
tills  combination  was  only  suited  to  instruments  of  moderate  di- 
mensions ;  but  a  large  transit  circle  lias  lately  been  constructed 
for  Greenwich  Obscrvator)-,  under  the  direction  of  Professor  Airy. 
The  telescope  has  an  aperture  of  eight  inches,  and  a  focal  length 
of  ll-i  feet.  The  length  of  the  axis  between  the  extremities  of 
the  pivots  is  six  feet,  and  the  diameter  of  each  pivot  is  six  inches. 
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The  circle  is  six  feet  in  diameter,  and  is  made  of  oast  iron.  This 
instrament  hos  been  in  constant  use  since  the  commencement 
of  the  year  1851,  and  the  old  transit  instrument  and  mural  circle 
have  been  abandoned, 

(124.)  The  figure  ou  the  opposite  page  represents  the  transit  H 
circle  belonging  to  the  observatory  at  CambriiJge,  Massachusetts. 
The  telescope,  T,  has  an  object-glass  of  four  and  one  eighth  inch- 
es aperture,  and  five  feet  focal  length.  The  lenglli  of  tlic  axis 
between  the  shoulders  of  the  pivots  is  twenty-six  inches ;  the 
pivots  are  of  steel,  two  and  a  half  inches  in  diameter,  and  the 
same  in  length.  The  eye -piece  is  provided  with  two  microm- 
eters, one  having  a  vertical,  and  the  other  a  horizontal  move- 
ment. Besides  the  usual  mode  of  illumioating  the  field  tlirough 
the  axis,  there  are  facihties  for  illuminating  the  wires  in  a  dark 
field.  The  circles  are  four  feet  in  diameter,  being  cast  in  one 
piece,  and  are  lx*th  graduated  on  silver,  from  0*^  to  360^,  into 
five-mkiute  spaces.  There  are  eight  micrometer  reading  mi- 
croscopes, and  these  are  attached  immediately  to  the  granite 
piers  being  four  for  each  circle-  Four  of  these  microscopes  are 
seen  at  A,  Ji,  C,  and  D,  the  other  four  are  on  the  opposite  side  of 
the  piers.  These  microscopes  serve  to  bisect  diametrically  hot 
circles.  The  five-minute  spaces  of  the  limbs  are  subdivided  bj 
the  micromet«?rs,  a  single  division  of  the  micrometor  head  being' 
equal  to  one  second  of  arc,  and  may  be  read,  by  estimation,  to 
two  tenths  of  a  second.  The  arm,  E,  attached  to  the  pier,  suj)- 
ports  an  additional  microscope,  which  serves  as  a  pointer  to  in- 
dicate the  degrees  and  minutes  a]>proximately.  There  are  fric- 
tion wheels  for  relieving  the  pressure  of  the  axis  pivots  upon  the 
Y's,  supported  by  plates  secured  to  the  piers. 

For  leveling  the  axis,  a  striding  level  is  employed,  which,  com- 
bined with  the  method  of  rertection  from  quicksilver  at  the  nadir 
fK)intt  afibrds  an  independent  means  of  ascertaining  the  amount 
of  coliimation  of  the  mid  wire  without  reversal  of  the  pivots* 
There  is,  however,  apparatus  for  reversing  the  instniment. 

The  object-glass  is  by  Merz,  of  Mmiich ;  the  mounting 
Simms,  of  London. 

With  this  instrument  one  observer  can,  at  the  same  time,  dc 
termine  both  tho  right  ascension  and  declination  of  a  star  with 


ots* 


^•♦-i^^TfV*. 


-C »•—    '.iS.^- 
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as  great  precision  as  it  can  be  done  by  two  observers  with  an 
ordinary  transit  instrument  and  a  mural  circle. 

Differences  of  declinaiion  recarded  by  eiectro-ma^netism. 
{125.)  Differcm-es  of  declination  may  be  recorded  by  meana 
cf  electro-magnetism.     This  is  accomplished  by  inserting  in  the 
focus  of  the  meridional  telescope  two  systems  of  spider  lines, 
one  vertical,  and  the  other  inclined  at  an  angle  of  45^,     Let 
T>  AB  represent  the  horizontal  wire  of  the 

transit  instrument,  DE  the  middle  vert- 
ical wire,  and  FG  a  wire  inclined  to  the 
latter,  at  an  angle  of  45^.  Let  the  tele- 
scope be  pointed  npon  a  star  as  it  ap- 
proaches the  meridian,  and  let  it  be  bi- 
sected by  the  wire  AB,  while  the  time  of 
passing  the  vertical  wire,  DE,  is  recorded. 
Let  the  tele^eopo  remain  firmly  fixed  in  its  position,  and  sup- 
pose a  second  star  enters  the  fieltl  at  H,  and  traverses  the  path 
HL.  Let  the  instants  of  passing  FGr  at  I,  and  DE  at  K,  be 
recorded.  Then,  if  the  angle  DCF  is  45^,  CK  (which  is  the 
dilTerence  of  declination  of  the  two  stars)  will  be  equal  to  KL 
The  line  KI  is  measured  by  the  time  required  for  the  star  to 
describe  this  jxirtion  of  its  path ;  and,  in  order  to  convert  the  ' 
observed  time  into  arc  of  a  great  circle,  we  must  multiply  it  by 
fifteen  times  the  cosine  of  the  star's  declination,  according  to 
Art.  72.  If  a  third  star  enters  the  field  at  M,  and  crosses  the 
wire  DE  at  N,  and  FG  at  O,  then  CN  is  the  difference  of  dec- 
lination of  the  firi*t  and  third  stars ;  and,  in  the  same  manner, 
by  observing  the  transits  of  any  number  of  stars  over  the  wires 
DE  and  FCt,  in  the  same  jxisition  of  tlie  telescope,  wc  shall  ob- 
tain their  differences  of  declination,  as  well  as  of  right  ascen- 
sion. In  order  to  diminish  the  errors  of  observation,  we  intro-  ^ 
duce  a  large  number  of  inclined  wires,  at  intervals  of  two  or 
three  seconds  from  each  other,  as  well  as  a  large  number  of 
vertical  wires ;  and  the  times  of  transit  over  each  system  of 
wires  are  recorded  hy  electro-magnetism,  as  explained  in  Arti- 
cles 101-109. 

(126.)  This  method  is  well  adapted  to  the  construction  of  a 
catalogue  of  stars,  where  it  is  proposed  to  record  the  position  of 
every  star  within  the  range  of  the  telescope.     For  this  purpose 
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the  telescope  is  firmly  clamped,  and  remains  fixed  in  its  position 
during  the  observations  of  an  entire  evening  or  night,  while  the 
observer,  sitting  with  his  eye  at  the  telescope^  has  hut  to  pres3 
his  finger  upon  a  key  at  the  instant  a  star  is  seen  to  pass  each 
wire  of  the  two  sy .stems  already  mentioned.  The  annexed 
figure  represents  a  net- work  of  wires  adapted  to  this  mode  of 
iibservation.  The  wires  for  right  ascension  are  85  in  number, 
and  are  di\4dcJ  into  groups  or  fas- 
cicles of  five  each,  the  interval  be- 
tween two  wires  being  from  two 
to  three  seconds.  To  complete  a 
set  of  observations  on  any  one  fas- 
cicle requires  only  from  eight  to 
ten  seconds.  The  wires  for  dilTer- 
ences  of  declination  are  also  25  in 
number,  and  are  arranged  in  groups 
of  five  each.  In  order  to  prevent 
any  confusion  between  observa- 
tions for  right  ascension  and  those  for  declination,  the  rule  is,  to 
observe  for  right  ascension  on  one  fascicle  of  wires  first ;  Iht^n, 
by  a  telegraphic  s^rmbol,  to  denote  the  magnitude  of  tbt-  star ; 
and  afterward,  to  observ^e  it  on  a  fascicle  of  inclined  wires  for 
declination.  The  several  fascicles  are  distinguished  from  each 
other  by  the  inequaUties  of  the  intervals. 

Ar.TlTUDE    AND    AZIMUTH    INSTRUJVTENT* 

(127*)  The  altitude  and  azimuth  instrument  consists  of  one 
graduated  circle  confined  to  a  horizontal  plane,  a  second  gradn- 
ated  circle  perpendicular  to  the  former,  and  capable  of  being 
turned  into  any  azimuth^  and  a  telescope  firmly  fastened  to  the 
second  circle,  and  turning  with  it  in  altitude.  The  appearance 
of  this  instrument  wnll  be  learned  from  the  following  figure. 

E  E  are  two  legs  of  the  tripod  upon  which  the  instrument 
rests ;  and,  in  close  contact  with  the  triixid,  is  placed  the  azi- 
muth circle,  PF.  One  of  the  foot  screws  has  a  contrivance  for 
giving  a  very  slow  motion  to  this  foot.  This  detached  piece 
stands  on  two  sharp  points,  besides  the  end  of  a  screw,  which, 
together,  form  an  isosceles  triangle,  having  a  gutter  in  which 
one  foot  of  the  tripod  rests ;  and  the  slowness  of  the  adjustment 
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depends  on  the  distance  of  this  foot  from  the  trvvo  projec5ting  pins. 
This  leg  of  tjie  tripod  is  designed  to  be  placed  either  to  the  north 
or  south.  Above  the  azimuth  circle,  and  concentric  with  it,  is 
placed  a  strong  circular  plate,  G,  which  carries  the  whole  of  the 
upper  works,  and  also  a  jwjinter,  to  show  the  degree  and  nearest 
five  minutes  to  be  read  off"  on  the  azimuth  circle ;  the  remain- 
ing minutes  and  seconds  being  obtained  by  means  of  the  two 
reading  microscopes,  C  and  D.  Tlie  pillars  HH  support  the 
transit  axis,  I,  by  means  of  the  projecting  pieces,  LL,  The  tel- 
escope, MM,  is  connected  with  the  horizontal  axis  in  a  manner 
similar  to  that  of  the  transit  instrument.  Upon  the  axis,  as  a 
centre,  is  fixed  the  double  circle,  NN,  each  circle  being  placed 
close  against  the  telescope.  The  circles  are  fastened  together 
by  small  brass  pillars,  and  the  graduation  is  made  on  a  narrow 
ring  of  sUver,  inlaid  on  one  of  the  sides,  which  is  usually  termed 
IhQ  face  of  the  instrument.  The  reading  microscopes,  AB,  for 
the  vertical  circle  are  carried  by  two  arms,  PP,  attached  near 
the  top  of  one  of  the  pillars. 

In  the  principal  focus  of  the  telescope  are  stretched  spider 
lines,  as  in  tlie  transit  instrument,  and  the  illumination  is  ef- 
fected in  a  similar  manner, 

(128,)  0/ the  adjustments. 

The  horizontal  circle  is  first  to  be  leveled,  which  is  to  be  ef- 
fected in  the  same  manner  as  with  a  theodolite.  The  axis  of 
the  telescope  must  also  be  leveled,  as  in  the  transit  instrument, 
and  the  spider  hnes  adjusted  for  collimation  and  vortieality. 

The  meridional  point  on  the  azimuth  circle  is  its  reading 
when  the  telescope  is  j>ointed  north  or  south,  and  may  be  de- 
termined by  observing  a  star  at  equal  altitudes  east  and  west 
of  the  meridian,  and  finding  the  jwiut  midway  between  the  two 
observed  azimuths ;  or  the  instrument  may  be  adjusted  to  the 
meridian,  in  the  same  manner  as  a  transit.  The  horizontal 
point  of  the  altitude  circle  is  its  reading  when  the  axis  of  the 
telescope  is  horizontal,  and  may  be  found,  as  with  tlie  mural 
circle,  by  alternate  observations  of  a  star  directly  and  reflected 
from  the  surface  of  mercery. 

(129,)  This  instrument  has  the  advantage  over  the  transit 
instrument  and  mural  circle,  in  its  being  able  to  determine  the 
place  of  a  star  in  any  part  of  the  visible  heavens ;  but  we  ordi- 
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narily  require  the  place  of  a  star  to  be  given  in  right  ascension 
aod  declination,  and  not  in  altitude  and  azimuth,  and  to  de- 
duce the  one  from  the  other  requires  a  laborious  computation. 
Hence  the  altitude  and  azimuth  instrument  is  but  little  used 
in  astronomical  observations,  except  for  s^pecial  purposes,  as,  for 
example,  to  investigate  the  laws  of  refraction. 

The  use  of  this  instrument  has,  howeverj  been  recently  re- 
vived at  the  CTreen\\noh  Observatory.  In  the  year  1847,  an  al- 
titude and  azimuth  instrument  was  erected,  having  its  horizon- 
tal and  vertical  circles  each  three  feet  in  diameter.  The  length 
of  the  telescope  is  5  feet,  and  the  aperture  of  its  object  glass  3  J 
inches, 

(130.)  The  leading  object  in  view  in  tho  erection  of  this  in* 
strumont  was  to  obtain  observations  of  the  moon  in  jiortions  of 
her  orbit  where  she  could  not  be  observed  on  the  meridian.  It 
frequently  happens,  from  the  imfavorable  state  of  the  weather, 
that  the  moon  can  not  be  seen  when  siio  is  on  the  meridian ; 
and  although  the  sky  may  be  |>erfectly  clear,  it  is  impossible  to 
see  the  moon  on  the  meridian  for  several  days  before  and  after 
her  conjunction  with  the  sun,  on  account  of  the  brightness  of  the 
solar  rays.  But  with  the  new  altitude  and  azimuth  instrument 
it  is  foiuid  that  the  moon  may  be  observed  in  the  morning  and 
evening  when  she  is  only  an  hour  distant  from  tlie  sun.  In 
the  year  18*31,  observations  of  the  m«x(n  were  obtained  with  this 
instrument  on  206  days,  while  with  the  meridional  instrumeots 
it  was  ofily  observed  110  days.  Mr,  Airy  considers  these  resalts 
to  be  hardly,  if  at  all,  inferior  in  accuracy  to  those  obtained  by 
the  use  of  the  mural  circle. 


SEXTANT. 


(131.)  Tho  arc  of  a  sextant,  as  its  name  implies,  contains 
sixty  degrees,  but,  on  account  of  the  double  reflection,  is  divided 
into  120  degrees.  The  figure  on  the  opposite  page  represents  a 
sextant,  the  frame  being  generally  made  of  brass  or  other  hard 
metal;  the  handle,  H,  at  its  back,  is  made  of  wood.  "Wlien 
observiug,  the  iastrumcnt  is  to  be  held  with  one  hand  by  the 
handle,  while  tho  other  hand  moves  the  index,  Ct.  The  arc, 
AB,  is  divided  into  120  or  more  degrees,  numbered  from  A  to-| 
ward  B,  and  each  degree  is  divided  into  six  equal  parts  of  IV 
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each,  wbile  the  vernier  shows  10".     The  divisions  are  also  con- 


rinaod  a  short  distance  oh  the  other  side  of  zero,  toward  A,  form- 
ing wJiat  is  called  the  are  of  excess.  The  microscope,  M,  is 
movable  about  a  centrcj  and  may  be  adjusted  to  read  otF  the  di- 
visions on  the  graduated  limb.  A  tangent  sorewj  D,  is  fixed  to 
the  index,  for  tho  puqxjse  of  making  the  contacts  more  accu- 
rately than  can  be  done  by  hand.  When  the  index  is  to  be 
moved  any  considerable  distance,  the  screw  I  must  be  loosened ; 
and  when  the  index  is  brought  nearly  to  the  required  division, 
the  screw  1  miust  be  tightenedj  and  the  index  be  moved  gradual- 
ly by  the  tangent  screw.  The  upper  end  of  tho  index  j  Gr,  term* 
inates  in  a  circle,  across  whicli  is  fixed  the  silvered  index-glass, 
C,  over  the  centre  of  motion,  and  perpendicular  to  the  plane  of 
the  instrument.  To  the  frame,  at  N,  is  attached  a  second  glass, 
called  the  horizon-glass,  the  lower  half  of  which  only  is  silvered. 
This  must  also  be  perpendicular  to  the  plane  of  tlie  instrument, 
and  in  such  a  position  that  its  plane  shall  be  parallel  to  the 
plane  of  the  index-glass,  C,  when  the  vernier  is  set  to  zero  on 
the  limb  AB. 

The  telescope,  T,  is  carried  by  a  ring,  K,  attached  to  a  stem, 
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which  can  be  raised  or  lowered  by  turning  a  milled  screw.  Its 
use  is  to  place  the  telescope  so  that  the  field  of  view  may  be  bi- 
sected by  the  lino  on  the  horizon-glass  that  separates  the  silver- 
ed from  the  iinsilvered  part.  In  the  telescope  are  placed  two 
wires,  parallel  to  each  other,  and  equidistant  from  the  centre  of 
the  telescope. 

Four  dark  glasses  of  different  depths  of  shade  and  color  are 
placed  at  F,  between  the  index  and  horizon  glasses ;  uho  three 
more  at  Ej  any  one  or  more  of  wliich  can  be  turned  down,  to 
moderate  the  intensity  of  the  light  before  reaehmg  the  eye, 
when  a  bright  object,  as  the  sun,  is  observed. 

(132.)  The  principal  adjustments  of  the  sextant  are  the  fol- 
lowing : 

1.  To  make  the  index-glass  perpendicular  to  (he  plane  of 
the  sexlani. 

Move  the  index  forwartl  to  about  the  middle  of  the  limb ; 
then,  holding  the  instrument  with  the  divided  limb  from  the  ob- 
server, and  the  index-glass  to  the  eye,  look  obliquely  down  the 
glass,  so  as  to  see  the  circular  arc  by  direct  vision  and  by  reflec- 
tion in  the  glass  at  the  same  time ;  and  if  they  appear  as  one 
continued  arc  of  a  circle,  the  index-glass  is  adjusted.  If  it  re- 
quires eorrectingj  the  arc  will  appear  broken  where  the  reflected 
and  direct  parts  of  the  limb  meet.  As  tlie  glass  is^  in  the  first 
instance,  set  right  by  the  maker,  and  firmly  fixed  in  its  place, 
its  position  is  not  liable  to  alter,  except  by  violence  ;  and  there- 
fore no  direct  means  are  supplied  for  its  adjustment. 

2.  To  set  (he  horizon-glass  perpendicular  to  the  plane  of  the 
sextant. 

Screw  in  the  telescope,  T,  and  point  it  toward  a  star.  Move 
the  index  arm  backward  and  forward  past  the  zero  of  the  limb, 
and  if  the  two  images  of  the  star  do  not  exactly  coincide  in  pass- 
ing one  another,  turn  a  screw  at  the  top  or  bottom  of  the  hori 
zon-glass,  N,  until  this  coLneidence  is  efiected. 

3.  To  find  the  index  error. 
When  the  zero  on  the  index  is  set  to  zero  on  the  limb,  the 

horizon  and  index  glasses  should  be  parallel ;  and  if  the  tele 
scope  be  directed  to  a  star,  the  tw^o  images  should  exactly  coin- 
cide. If  the  two  images  do  not  enincide,  this  deviation  consti* 
tutes  what  is  called  the  index  error.     The  amount  of  the  index 
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error  may  he  found  in  the  following  manner:  Clamp  the  index 
at  about  20  minutes  to  the  left  of  zero,  and,  looking  toward  the 
sun,  the  two  images  will  apjMjar  either  nearly  in  contact,  or  over- 
lapping each  other.  Then  perfect  the  contact  by  moving  the 
tangent  screw,  and  call  the  minutes  and  seconds  denoted  by  the 
vernier,  the  reading  on  the  arc.  Next  place  tlie  index  about  tho 
^me  quantity  to  the  right  of  zero,  or  on  the  are  of  excess,  and 
make  tho  contiiet  of  the  two  images  perfect,  as  before,  and  call 
the  minutes  and  seconds  on  the  arc  of  excess,  the  reading  offih^ 
arc.  Half  the  difference  of  these  numbers  is  the  index  error; 
additive  when  the  reading  on  the  arc  of  excess  is  greater  than 
that  on  Oie  limb,  and  subtractive  when  the  contrary  is  *he  ease. 

Example. 

Reading  on  the  arc 31'  56" 

Heading  off  the  arc 31  22 

Difference ~0  'M'' 

Index  ermr ^— 0'17'^ 

In  this  case,  the  reading  on  the  arc  being  greater  than  that 
on  the  arc  of  excess,  the  index  error  (17''')  must  be  subtracted 
from  all  observations  taken  with  the  instrument,  until  it  is  found, 
by  a  similar  process,  that  the  index  error  has  changed. 

4.  To  set  the  axis  of  the  tef  escape  parallel  to  the  plane  of  the 
text  an  I , 

There  are  two  parallel  wires  on  opposite  sides,  and  equidis- 
tant from  the  centre  of  the  field  of  the  telescope,  and  these  are 
usually  crossed  by  two  others.  Turn  either  pair  around  until 
they  are  parallel  to  the  plane  of  the  instrument.  Select  two 
Tjitars  distant  from  each  other  90^  or  more,  and  bring  them  into 
contact  just  at  the  wire  of  the  telescope  w^hich  is  nearest  the 
plane  of  the  sextant.  Fix  the  index^  and  alter  the  position  of 
the  instrument  so  as  to  make  the  objects  api^ear  on  the  other 
wire.  If  tlio  contact  still  remains  perfect,  the  axis  of  the  tele- 
scope is  in  proper  adjustment ;  if  not,  it  must  be  altered  by 
moving  the  tw^o  screws  whieli  fasten^  to  the  uj^and-dow^n  piece, 
the  collar  into  which  the  telescope  screw^s.  This  adjustment  is 
not  very  liable  to  be  deranged. 

(133.)  To  measure  the  aUitmh  of  the  sun  by  reflection  from 
mercury. 
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Set  the  index  near  zero.  Hold  the  instrument  witli  the  right 
hand  in  the  %^erti(-al  plane  of  the  snn,  toward  whieh  the  tele- 
scope should  be  pointed.  Two  images  will  be  8 pen  in  the  field 
of  view,  one  of  which,  vi^,,  that  formed  by  reflectionj  will  ap- 
parently move  downward  when  the  index  i.s  ]>nshed  forward. 
Follow  the  retlected  image  as  it  travels  downward,  mitil  it  a\y-i 
pears  to  be  as  far  below  tlie  horizon  as  it  was  at  first  abtjve,  and 
the  iniat^e  of  the  sun,  rcHccted  from  the  meronry,  abo  ap[>earj* 
in  tlie  field  of  view.  Fasten  tlie  index,  and,  by  means  of  the 
tangent  screw,  bring  the  npjier  or  lower  limb  of  the  sun's  im- 
age, reHoeted  from  the  index-glass,  into  contact  with  the  oppo* 
site  limb  of  the  image  retlected  from  the  artificial  horizon,  taking 
care  that  the  images  shall  be  midway  between  the  parallel  wircj*. 
The  angle  .shown  on  the  instmmentj  when  corrected  for  the  in- 
dex error,  will  be  double  tiio  altitude  of  the  sun's  limb  above  the 
horizontal  jdane  ;  to  the  half  of  which,  if  t!ie  scmidiaiiieter,  re- 
fraction, and  parallax  be  applied,  the  result  will  be  the  true  alti- 
tude of  the  centre. 

In  making  this  observation,  the  observer  should  move  the  in- 
strument round  to  the  right  and  left  a  little,  making  the  axis 
of  the  telescope  the  centre  of  motion.  By  this  movement,  the 
image  reflected  from  the  index-glass  may  be  made  to  sweep  the 
arc  of  a  circle,  and  will  pass  and  repass  the  image  seen  in  the 
mercury.  The  altitude  of  a  star  can  be  measured  in  the  same 
way  as  the  sun,  but  in  this  case  there  will  bo  no  correction  for 
parallax  or  somidiaraeter  to  be  applied, 

(134.)  To  lake  an  allUude  of  the  sun  bt/  means  of  (he  nat- 
ural horizon. 

If  the  observer  i^  at  sea,  the  natural  horizon  must  be  employed. 
Direct  the  si^ht  to  that  part  of  the  horizon  beneath  the  sun^  and 
move  the  index  till  you  bring  the  imago  of  its  lower  limb  to 
touch  the  horizon  directly  underneatli  it ;  but  as  this  point  can 
not  be  exactly  ascertained,  the  observer  should  move  the  instru- 
ment round  to  the  right  and  left  a  little,  making  the  axis  of  the 
telescoj)e  the  centre  of  motion.  By  this  means  the  sun  will  ap* 
pear  to  sweep  the  horizon,  and  must  be  made  to  touch  it  at  the 
low^est  point  of  the  arc. 

(135.)  To  find  the  distance  between  the  nwon  afid  sun^  or 
between  (he  moon  and  a  star. 
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Hold  the  sextant  so  that  its  plane  may  pass  through  ihe  sun 
and  moon.  Lf  the  sun  be  to  die  right  hand  of  the  moon,  the 
sextant  is  to  bo  held  with  its  face  upward;  if  to  the  left  hand, 
the  face  is  to  be  htld  downward.  With  the  instrument  in  this 
position,  loolv  directly  at  the  moon  through  the  telescope,  and 
move  the  index  forward  till  the  i«un's  image  is  brought  nearly 
into  contact  with  the  mcwn's  nearest  limb.  Fix  the  index  by 
the  screw  under  the  sextant,  and  make  the  contact  perfect  by 
means  of  tlie  tangent  screw.  At  the  same  time,  move  the  sex- 
tant siowly,  making  the  axis  of  the  telescope  tlio  centre  of  mo- 
tion ;  by  wliich  means  the  objects  will  pass  each  other,  and  the 
contact  be  more  accurately  made ;  observing  that  the  point  of 
contact  of  the  limbs  nmst  always  be  observed  in  tlie  middle, 
between  the  parallel  wires.  The  index  will  then  point  out  tliu 
distance  of  the  nearest  linibs  of  the  sun  and  moon.  In  a  simi- 
lar manner  may  we  measure  the  distance  between  the  moon 
and  a  star. 


PRISMATIC     SEXTANT    OF     Prs- 
TOR    AND    MARTINS, 

(136.)  A  new  form  of  sex- 
tant, constructed  by  Pistor  j 
and  Martins,  Berlin,  Prus- 
sia, is  represented  in  the  an- 1 
nexed  figure.     It  differs  in ' 
several   important  particu- 
lars from  the  common  sex- 
tant. 

1.  It  measures  anj/  angle 
up  to  180'^.  Hence  double 
altitudes  of  objects  near  the 
zenith  can  be  taken  with 
it.  The  common  sextant  is 
limited  to  about  60"^  as  the 
maximum  of  altitude.  The 
limb  of  the  instrument  is 
one  third  of  a  circle,  and 
is  graduated  from  zero,  to- 
ward the  left,  up  to  140', 
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like  other  sextants.     The  graduation  stops  at  140^,  because  near 
this  point  the  prism  B  interferes  with  tho  rays  which  should 
reach  the  mirror  A  from  the  object ;  and  beyond  140^  the  ob^  | 
ject  becomes  invisible  in  this  position  of  the  sextant. 

For  angles  greater  than  140"^,  the  graduation  begins  again  at 
tho  left  extremity  of  the  limb  with  110°,  and  increases  toward 
the  right  up  to  180^.  When  an  observ^ation  is  made  on  this 
part  of  the  limb,  the  face  of  the  sextant  is  turned  in  the  contrary 
direction  from  what  it  had  in  the  former  observations,  and  the 
prism  B  no  longer  interferes  with  vision.  But  near  180^  th© 
head  of  the  observer  obstructs  the  rays  from  tlie  object ;  to  ob- 
viate which  inconvenience,  a  diagonal  eye-prism ,  E,  is  adapted 
to  the  eye-piece  of  the  telescope,  to  be  used  in  measuring  angles 
near  180^. 

2.  In  place  of  the  common  horizon-glass  is  substituted  a  recU 
angular  prism^  B,  the  diagonal  face  of  it  forming  a  mirror,  as 
explained  in  Art*  12. 

3*  Rays  from  tho  object  seen  directly,  como  to  the  telescope 
without  passing  through  any  medium,  such  as  the  unsilvered 
part  of  an  horizon-glass.  Both  the  reflected  and  direct  images 
are  nmch  better  defined  than  is  usual  in  other  instruments. 

4.  The  index  mirror^  A,  is  so  attached  as  to  admit  of  ready 
reversal  for  determining  the  error  arising  from  want  of  parallel- 
ism of  its  surfaces.  Unlike  other  sextants,  it  receives  the  rays 
of  light  most  obliquely  when  tho  index  is  at  zero.  In  meamir- 
ing  large  angles  there  is  no  confusion  or  multiplicity  of  images,  ■ 
and  objects  appear  distinct  and  well-defined  in  every  position 

of  the  index-glass* 

5.  The  colored  glasses,  C,  which  are  semicircles^  are  placed 
between  the  telescope  and  horizon-glass,  and  are  attached  to  an 
axis,  admitting  of  easy  reversah  By  this  contrivance  the  etTect 
of  any  want  of  parallelism  in  their  surfaces  is  entirely  obviated. 

6.  A  revolving  disk,  containing  several  colored  glasses  of  dif- 
ferent shades,  is  adapted  to  th©  eye  end  of  the  telescope,  to  be  ^ 
used  in  taking  double  altitudes  of  the  sun. 

7.  The  instrument  here  described  is  6  inches  radius,  and  the  j 
vernier  reads  to  10 '.     The  graduation  is  very  clear,  and  the  ar%  j 
rangement  of  the  reading  [nicroscope  and  ground-glass  screen ' 
(omitted  in  tlie  figure)  such  that  the  divisions  are  nearly  a^ 
epsily  read  by  lamplight  as  by  daylight. 
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The  aximoth  circle,  BB,  is  connected  with  the  pillar,  and  re- 
volvee  witJi  itj  while  the  divisions  are  read  by  a  vernier  attached 
to  the  tripod.  A  screw  apparatus  at  C,  attached  to  one  of  the 
branches  of  the  tripod,  clamps  the  azimuth  circle,  or  allows  it  a 
quick  or  slow  motion  at  pleasure. 

To  the  top  of  the  pillar,  D,  is  fixed  a  horizontal  brass  bar, 
with  two  supporters  at  right  angles  to  it,  in  the  tops  of  which  are 
centered  the  ends  of  a  horizontal  axis,  round  which  the  whole  of 
the  upper  part  of  the  iDstruinent  may  be  turned,  so  as  to  bring 
the  plane  of  the  circle  into  any  position  which  may  be  required. 
The  centre  work  of  the  upjicr  circle,  EE,  is  made  fast  to  the 
middle  of  the  horizontal  axis,  which  it  crosses  at  rigixt  angles ; 
and  at  its  remote  end  is  placed  a  counterpoise,  which  balances 
the  circle  and  telescopes.  The  circlej  EE,  has  an  index  with 
four  branches,  whose  verniers  subdivide  the  circle  to  10  '. 

The  instrument  has  two  telescopes,  GG^,  HH^,  one  in  front 
of  the  circle  and  the  other  behind  it ;  and  parallel  to  the  latter 
is  placed  the  level,  K,  The  front  telescope  moves  freely  on  a 
spmdlcj  within  the  axis  of  the  circle.  The  back  teleseupe  is  a 
little  below  the  axis  of  the  circle,  while  the  level  is  a  little  above 
itj  and  both  revolve  on  a  collar  which  works  on  the  outside  of 
that  axis.  These  can  be  fixed  in  any  jxtsitiou  by  a  clamp,  which 
embraces  the  back  edge  of  the  circle.  The  circle  turns  freely 
about  its  axis,  carrying  telescoi>es,  level,  xjtc.j  without  altering 
their  position  in  respect  to  itselt  There  is  a  clamp  for  fixing 
the  circle,  and  a  tangent  screw  for  slow  motion. 

(138.)  By  means  of  the  two  motions  round  a  vertical  and  hori- 
p  zontal  axis,  the  plane  of  tlie  circle 

/  may  bo  made  to  pass  through 

/  any  two  points  whoso  angular 

^.^s  distance  is  required  to  be  meas- 
ured.  Let  P  and  8  represent 
two  objects  whose  distance  from 
each  other  is  to  be  measured,  and 
let  GNH^  represent  the  circle  ad- 
justed, so  that  its  plane  passes 
through  them.  Fix  the  front 
telescope,  HH^,  at  the  zero  of  the  graduation  in  H^  and  turn  the 
circle  about  its  axis  until  the  t43le&cMDp€  HH^  is  directed  exactly 
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upon  the  object  S.  Clomp  the  circle  in  this  position,  and  point 
the  back  telescope,  GGK,  upon  the  object  P.  The  angle  PCS 
will  be  measured  by  the  arc  GH,  intercepted  between  the  lines 
CP  and  CS.  Unclamp  the  circle,  and  turn  it  until  the  back 
telescope,  GG',  is  pointed  toward  S.  The  front  telescope  will 
now  come  into  the  position  CL  ;  the  zero  of  the  graduation, 
which  was  before  at  H,  will  be  removed  to  L.  Again  clamp  the 
circle,  release  the  front  telescojie,  and  direct  it  toward  the  object 
P.  The  arc  GHL  will  be  twice  the  arc  required  to  be  measured. 
Repeat  this  double  obser\'ation,  starting  again  from  the  point  G  ; 
that  is,  turn  the  circle  with  its  two  telescopes  until  the  front  tel- 
escope is  pointed  upon  the  object  S.  The  zero  of  the  graduation 
will  now  be  found  at  M.  Detach  the  back  telescope,  and  point 
it  again  u|>on  the  object  P  ;  the  arc  GM  will  be  three  times  the 
arc  GH.  Unclamp  the  circle,  and  turn  it  until  the  back  tele- 
scope Is  p<jinted  upon  S  ;  the  zero  of  the  graduation  will  now  be 
found  at  N.  Again  clamp  the  circle,  release  the  front  telescope, 
and  direct  it  toward  the  object  P.  The  are  GN,  which  may  he 
read  u]>on  the  Ibnb,  will  be  four  times  the  arc  required.  By  re- 
I>eatLrig  the  observation  ten  times,  we  shall  obtain  ten  times  the 
angle  sought.  It  is  not  necessary  to  read  the  graduation  after 
each  observation ;  it  is  suificient  to  read  the  resulting  arc  after 
the  observations  are  concluded,  and  divide  the  final  arc  by  the 
number  of  observations. 

(139.)  J^uppose  these  ten  observations  should  bring  the  front 
telescope  back  to  the  zero  of  the  graduation  from  which  we 
started,  tlien  each  arc  would  be  equal  to  36^  ;  and  this  result 
would  not  be  affected  by  any  error  in  the  graduation  of  the  cir- 
cle. It  is  not  to  be  expected  tliat  the  teleseoj>e  will,  in  practice, 
he  brought  round  exactly  to  the  zero ;  but  it  should  be  brought 
round  as  near  to  zero  as  can  be  done  by  the  continued  repeti- 
tion of  the  angle  PCS ;  then,  dividing  the  result  by  the  number 
ot  repetitions^  tJie  effect  of  any  error  in  the  graduation  of  the 
circle  vrill  be  greatly  diminished,  if  not  entirely  destroyed. 

In  a  similar  manner  may  tlie  zenith  distance  of  any  celestial 
body  be  measured,  by  employing  the  spirit-level  attached  to  the 
back  telescope  to  indicate  a  horizontal  line, 

(140,)  The  chief  advantage  contemplated  in  the  invention  of 
the  repeating  circle  was  the  annihilation  of  errors  of  graduation ; 
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but  the  great  improvements  which  have  been  made  in  recent 
years  in  graduating  circles  have  rendered  this  an  object  of  minor 
importance,  while  this  instrument  is  liable  to  some  serious  errors 
of  its  own,  so  that  the  repeating  circle  is  at  present  much  less 
used  than  formerly. 


CHAPTER  IV. 


THE  DIURNAL  MOTION. 

(141.)  IF|  upoa  a  clear  evening,  we  carefully  "watch  the  ap- 
pearance of  the  heavenly  hodies  for  a  sufBoient  period,  we  shall 
find  that  they  slowly  change  their  plaoes  with  respect  to  the  ho- 
rizon.  Each  star  ftjjjiears  to  describe,  as  far  as  its  course  lies 
above  the  horizon,  a  circle  in  the  sky ;  but  these  circles  are  not 
all  of  the  same  magnitude.  Tho  apparent  relative  situations  of 
the  stars  among  each  other  remain  unchanged ;  but  all  the 
stars  seem  to  revolve  with  a  uniform  motion  from  east  to  west, 
as  if  they  were  attached  to  the  internal  surface  of  a  vast  hollow 
sphere,  having  the  spectator  in  its  centre,  and  turning  around 
an  axis  inclined  to  tho  horizon,  so  as  to  pass  fJirough  a  fixed 
point  called  the  pole.  This  apparent  rotation  of  the  heavens  is 
called  the  diunml  motimi, 

(142.)  Let  C  be  the  place  of  the  spectator,  Z  his  zenith,  and 
N  his  nadir.  Let  POP'  bo  the 
axis  about  which  the  diurnal 
motion  is  l^pparently  performed, 
P  the  elevated  pole,  and  P'  the 
depressed  pole  of  the  heavens. 
Then  HMO,  a  great  circle  of  the 
sphere,  whose  poles  are  Z  and  N, 
will  be  his  celestial  horizon,  PO 
will  be  the  altitude  of  the  pole^ 
OPZEH  %vdl  be  his  meridian; 
and  ELQ,  a  great  circle  perpen- 
dicular to  PP'j  will  bo  tho  celestial  equator.  Also,  if  S  repre- 
sents the  position  of  any  star,  and  PSP'  be  a  great  circle  passing 
through  it,  then  LS  will  be  the  declination,  and  PS  the  polar 
distance  of  the  star,  and  BSD  will  be  the  diurnal  circle  it  will 
appear  to  describe  about  the  polo.  0  and  H  are  the  north  and 
south  points,  e  and  w  are  the  east  and  w^est  |>oints  of  the  hori- 
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Then 

PO  =  tbe  latitude,  which  we 
wiE  represent  by  0 ; 

PZ=the  co-latitude  =  90^ -f?l>; 

PS  =  the  polar  distance  of  the 
star; 


=  90^— (J,  where  ^  represents  the  star's  decUnation; 
ZS= zenith  distance  of  the  star,  which  we  represent  by  Z  ; 
ZPS=the  star's  hour  angle,  which  we  represent  by  P  ; 
PZS=the  azimuth  of  the  star,  counted  from  north,  which  we 

represent  by  A* 
In  the  spherical  triangle,  PZS,  are  given  two  sides,  PS  and 
PZ,  with  the  included  angle,  to  find  the  other  parts. 

Let  fall  the  perpendicular  SM  upon  PZH  ;  then,  by  Napier's 
rule, 

R.  COS.  P=tang.  PM  oot  PS. 
Therefore,        tang,  PM=cos.  P  tang.  PS 

=  cos.  P  cot  6 (1) 

But  ZM=PM^PZ 

=  PM  +  ^^90\ 
Then,  by  Trig.,  Art.  216, 

sin.  PM  :  sin.  ZM  ::  tang.  SZM  :  tang.  SPM  ; 
that  is,    sin.  PM  :  cos.(PM  +  <j5>) ;:  taog.  A  :  tang.  P ; 

::  cot.  P  :  cot,  A (2) 

Also,  Trig.,  Art.  216, 

cos.  PM  :  cos.  ZM ::  cos,  SP  :  cos.  SZ ; 

tliat  is,     COS.  PM  :  sin.(PM  +  0) ::  sin.  6  :  cos.  Z (3) 

Also,     sin.  Z8  :  sin.  P  ::  sm.  PZ  :  sin.  PSZ  ; 
tliat  is,     sin.  Z  :  sin.  P  :;  cos.  i^  :  sin.  parallactic  angle   .  (4) 

"V^lien  the  star  has  south  declination,  cot.  6  in  Eq.  1  will  be 
negative,  and  PM  must  be  taken  in  the  second  quadrant, 

Ex.  1.  Find  the  altitude,  azimuth,  and  parallactic  angle  of 
Aldebaran  (Dec.  16'  13'  N.),  to  an  observer  at  New  York, 
latitnde  40^  42'  N,,  %vhen  the  star  is  three  hours  east  of  the 
meridian. 

By  equation  (1), 

cos.  45^  =^9.849485 

cot.  16^  13^  ^0.536342 

PM==r     67^  38^  3r'  tang.=0.385827 
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By  equation  (2), 

^  PM+^=  108^  20'  31"      cos,=9497879 

cot  P =0.000000 

cosec.  FM=r  0.033941 

Azirauth^S.  71°  12'  30"  E.  cot^9.53182a 

By  equation  (3), 

sin.  (PM+9)  =  9.977356 

sin.  (1=9.446025 

s*ec.PM  =  0419767 

Zenith  distance^     45^  49'  27"       cos. =9.843148 

or        Altitude  =     44^  10'  33" 


By  equation  (4), 


sin.  45'^  =  9.849485 

COS.  ^=9.879746 

cosec.  Z^O.144357 


Parallactic  angle  =     iS^^'  22'  sin.  =  9.873588 

Ex,  2.  Find  the  altitude  and  azimuth  of  Regulus  (Dec.  12^ 
42'  N.)j  to  an  observer  at  Washington,  latitude  38^  53'  N,,  when 
the  hour  angle  of  tlie  star  is  3h.  15m.  20s.  W. 

Ans.  Its  altitude  =      39^  38'    0", 

azimuth  =  S.  72^  28'  14"  W. 
Ex,  3.  Find  the  altitude  and  azimuth  of  Fomalhaut  (Dec. 
30^  25'  S.),  to  an  observer  at  Camhridge,  latitude  42°  22'  N,, 
when  the  hour  angle  of  the  star  is  2h.  5m.  36s.  E. 

Ans,  Its  ahitude  ^      ll'^'  41'  37% 


azimuth  = 


18^  40'^  E. 


Ex,  4.  Find  the  altitude  and  azimuth  of  a  Ursae  Majoiis 
(Dec.  62°  33'  N.),  to  an  observer  at  Philadelphia,  latitude  39° 
57'  N.,  when  the  hour  angle  of  the  star  is  5h.  17m.  40s,  E, 

Ans.  Its  altitude  =       39^  24^ 
7.  azimuth  ^  N.  35^  54^  E . 

(145.)  When  only  the  parallaotio 
angle  is  required,  it  may  be  com- 
puted without  finding  the  altitude 
or  azimuth,  as  follows : 

Draw  ZN  perpendicular  to  PS, 
and  represent  PN  by  z.     Then,  by  Napier's  rule, 
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R.  COS,  P=rtang.  PN  cot  PZ, 

or  COS.  P  —  tang,  x  tang.  <(> ; 

that  is,  tang.  x=Qm.  P  cot.  (p 

Againy  by  Sphcr.  Trig,,  Art.  216, 

sia  NS :  sin,  PN  ;:  tang.  P :  tang.  S^ 

sin*  PN  tang.  P    sin.  x  tang.  P 

or     taE£[.  par.  ans.  — : — r— -^ — — — ; ^-r— 

^  ^  ""  sin.  N8  cos,(2:+<5) 

Example,  Required  the  parallactic  angle  for  Washuigton  Ob- 

een^atory,  latitude  38^  53'  33'^,  the  moon's  hour  angle  being  50° 

and  Declination  21^  N. 


(1) 


(2) 


By  formula  (1), 


cot.  *?!.  =  0.093297 
COS.  P  =  9.808067 
:c==38°  32'  55'^  tang.  =  9.901364 


By  formula  (2), 

sin.  5;  =  9.794612 
tang.  P  =  0.076186 
sec.  59^  32'  55''  ^0.295157 

Par.  angle  ^55^  41'  24"  tang.  =  0.165955 

As  the  parallactic  angle  is  frequently  required  in  many  com- 
putations, Table  XVIL  has  been  constructed  for  Washington  Ob- 
servatory by  the  preceding  method,  except  that  instead  of  the 
geographical  latitude,  the  geocentric  latitude,  38^  42'  25'',  has 
been  used.     See  Art.  208. 

(146.)  Corollary.  By  the  same  method  we 
may  compute  the  distance  between  two  stars 
whose  right  ascensions  and  declinations  are 
known. 

Let  P  be  the  i>ole,  and  S  and  S'  two  stars 
whose  places  are  known.  Then  PS  and  PS'  will 
represent  their  polar  distances,  and  SPS'  will  be 
the  difference  of  their  right  ascensions.  Draw 
SM  perpendicular  to  P8'  produced.     Then 

R,  COS.  P=tang.  PM  cot.  PS. 

Therefore,        tang.  PM  — cos.  P  tang.  PS. 

Also,  S'M  =  PM--PS'. 

And        00s.  PM :  cos.  S'M ::  cos,  PS :  cos.  S'S. 

Ex.  1.  Required  the  distance  from  Aldebaran,  R.  A.  4h.  27m. 


M 


112 


Practical   Astronomy, 


25.94s.,  Polar  distance  73^  47'  33'^3,  to  Sinus,  R.A.  6h,  3Sni 
37.62s.,  Polar  distance  106^  31''  1^^8. 
P=2h.  11m.  11.68s,  =:  32^  47^  5o'\2 
PS=106^3V    1^8 
PM  =  109^  25' 54^^.55 
PS  =:  73^  47^  33  ,3 


COS.  =  9.9245786 
tang. -0.5279175 
tang.  :=  0.4524961 


COS.  =  9,9099313 
cos.  =  9.4537809 


35^  38'  21''.25 
PS=106^3r    1^8 
PM  =  109^  25'54''.55   sec. =0.4779669 
SS'=:  46^    0'42^3      COS.  =  9.8416791 


Ex,  2,  Required  the  distance  from  Eegulus,  R,  A.  lOh.  Om. 
29.11s.,  Polar  distance  77^  18'  41'',4,  to  Antares,  R.  A.  16h. 
20m.  20.35S.J  Polar  distance  116^  5'  55''.5. 

Ans.  99^  55'  44''.9. 

Problem. 

(147.)  To  find  the  altitude  and  azimuth  of  a  star  when  it 
is  six  hours  from  the  meridian. 

z  If  the  star  8  be  six  hours  from  the 

meridian,  then  the  angle  ZPS^90° ; 
the  hour  circle,  PE,  intersects  the 
horizon  in  the  east  point,  E  ;  and 
the  angle  PEO  is  equal  to  the  lati- 
"o  tude  of  the  place.  Draw  the  verti- 
cal circle  ZSM.  Then,  in  the  right*angled  spherical  triangle 
ESM,  by  Napier's  rule, 

R.  sin.  SM^sin.  E  sin.  ES; 

sin.  altitude— sin.  tp  sin.  6 

R.  cos.  E=  tang.  EM  cot.  ES; 
tang.  EM.  =  tang.  ES  cos.  E, 

....  (2) 


(1) 


that  is, 
Also, 
that  is, 
or  cotang,  arOw^^^A^tang.  6  cos.  (^ 

Ex.  1.  In  Lat.  41^  18'  N.,  when  the  sun  has  18^  25'  N.  decli- 
nation,  what  is  his  altitude  and  azimuth  at  six  o'clock  in  the 
morning  ? 

By  formula  (I), 

sin.  41°  18'  =9.819545 

sin.  18-"  2ry  ^9.499584 

Altitudes     12^    2'  6"  sia.=-a319129 
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By  fonpula  (2), 

tang.  18°  25'  =9.522417 

COS.  41^  18'  =9.875793 

Azimuth=N.  75°  57'  19''  E.  cot.=9.398210 

Ex.  2.  Find  the  altitude  and  azimuth  of  Regulus  (Dec.  12° 
42'  N.)  to  an  observer  at  Philadelphia,  Lat.  39°  57'  N.,  when  the 
star  is  six  hours  past  the  meridian. 

ilTW.  Its  alfitude=        8°    6' 56", 

azimuth=N.  80°  11'  54"  W. 

Ex.  3.  Find  the  altitude  and  azimuth  of  Capella  (Deo.  45° 
50'  N.)  to  an  observer  at  Cambridge,  Lat.  42°  22'  N.,  six  hours 
before  the  star  oomes  to  the  meridian. 

Ans.  Its  altitude  =     28°  54'  23", 
azimuth=N.  52°  44'  28"  E. 

Problem. 

(148.)  To  find  the  altitude  and 
hour  angle  of  a  star  when  it  is  upon 
the  prime  vertical. 

Let  ZSE  be  the  prime  vertical, 
and  S  the  position  of  the  star.  Draw 
the  hour  circle  PS.  The  angle  PZS 
will  be  a  right  angle,  and  we  shall  have,  by  Kapier's  rule, 

R.  COS.  P=tang.  PZ  cot.  SP ; 

that  is,  COS.  P=cot  0  tang  d (1) 

Also,  R.  COS.  SP=oos.  SZ  cos.  PZ, 

COS.  SP 


or  008.  SZ= 


'COS.PZ' 


that  is,  sin.  altitudez=-T-^— (2) 

8111.0  ^ 

Ex.  1.  Find  the  altitude  and  hoar  angle  of  Aldebaran  (Deo. 
16°  13'  N.)  when  it  is  exactly  east  of  an  observer  at  New  York, 
Lat.  40°  42'  N. 

By  formula  (2), 

sin.  16°  13'  =9.446025 

sin.  40°  42'  =9.814313 

Altitude =25°  21'  27"  sin. =9.631712 
H 
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By  formula  (1), 

tang.  16°  13'  =9.463658 

cot.  40^42^  =0.065433 

70^  14^  12^'  COS. =9.529091 
=41l  40m.  56.8s. = hour  angle. 
Ex.  2.  Find  the  altitude  and  hour  angle  of  Vega  (Dec.  38° 
38'  N.),  when  it  is  exactly  west  of  an  observer  at  Cambridge, 
Lat.  42°  22'  N. 

Ans.  Altitude     =  67°  53^^  37^^ 
Hour  angle =lh.  55m.  12s. 

Problem. 

(149.)  To  find  the  amplitude  and  hour  angle  of  a  star  when 
it  is  in  the  horizon. 

Let  PEP^  represent  the  hour  circle 
which  is  six  hours  ifrom  the  meridian, 
and  which  intersects  the  horizon  in 
the  east  point,  E.  Let  S  or  S^  be 
the  position  of  a  star  in  the  horizon, 
and  through  S  draw  the  hour  circle 
PSP'' ;  also,  through  S'  draw  the  hour 
circle  PST^  Then,  in  the  right-an- 
gled spherical  triangle  EMS  or  EM'S', 
EM  or  EM' = the  distance  of  the  star  from  the  six  o'clock 

hour  circle ; 
MS  or  M'S'=the  star's  declination; 
ES  or  ES'=the  star's  ampUtude ; 

=  the  complement  of  the  star's  azimuth ; 
MES=M'ES'=the  complement  of  the  latitude. 
Now,  by  Napier's  rule, 

R.  sin.  MS=8m.  ES  sin.  MES, 
or  sin.  ES=sin.  MS  cosec.  MES ; 

that  is,    sin.  amplitude  =  000.  azimuth =sm.  6  sec.  ^  .  .  (1) 
Also,         R.  sin.  EM = tang.  MS.  cot.  MES, 

or  sin.  EM=tang.  d  tang.  <f> (2) 

P=6  hours  qpEM, 
where  P  represents  the  time  from  the  star's  rising  to  its  passing 
the  meridian. 

Ex.  1.  Find  the  amplitude  and  hour  angle  of  Aroturus  (Dec. 
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190  57'  N.)  when  it  rises  to  an  observer  at  New  York,  Lat.  40^ 
42^  N. 

By  formula  (1), 

sin.  19^^57'  =9.533009 

see,  40O  42'  =0,120254 

Amplitude  =  E.  26*^  44'  49^'  N.  sin.  =9.653263 
or  Azimuth    =N.  63^  15'  11'^  E. 

By  formula  {2), 


tang.  lU'^  br 


=9.5598^5 

=  9,934567 


sin.  =9.494452 


timg,  40^  42' 
EM  =  18^  IV  34' 

Hence  the  hour  angle  =  7h.  12m.  46.3®* 

Ex,  2.  Find  the  hour  angle  and  amplitude  of  Antarcs  (Deo. 
26^  6'  8.),  when  it  seta  to  an  observer  at  Philadelphia,  Lat.  39^ 
57'  N.  Am.  Hour  angle =4h.  23m.  5.7s. 

Amplitude  =W.  35^    1'  16    H. 
or  Azimuth     =S.    54^  58'  44"  ^. 

As  we  have  frequent  occasion  to  know  the  time  of  rising  and 
setting  of  the  heavenly  bodies,  it  is  convenient  to  have  a  table 
from  which  this  may  bo  ascertained  without  the  labor  of  com- 
putation. Table  XIX»  furnishes  the  senii-diumal  arcs  for  any 
latitude  up  to  60%  and  for  any  decimation  not  exceeding  29-', 
from  which,  if  we  know  the  time  of  passing  the  meridian,  the 
time  of  rising  or  setting  is  easily  found. 

To  find  the  time  of  rising  of  the  sun's  upper  limb,  corrected 
for  refraction,  see  Art.  169. 


KING    MICRUMKTER. 

(150.)  The  ring  micrometer 
consists  of  an  opaque  ring,  in- 
serted in  the  focus  of  a  telescope, 
and  having  a  diameter  somewhat 
less  tlian  that  of  the  field  of  view. 
When  the  telescope  is  fixed  in  )x>-  wL 
s  it  ion,  by  observing  the  instants 
at  which  two  stars  pass  the  op- 
posite sides  of  either  the  outer  or 
inner  circle  of  the  ring,  their  dif- 
ference of  right  ascension  and 
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declination  may  be  computed, 
provided  we  know  the  diameter 
of  the  ring.  The  annexed  fig- 
ure represents  the  appearance  of 
a  ring  suspended  in  the  foeus  of 
a  telescope,  the  field  of  view  be- 
ing represented  by  the  circle 
NWSE,  Each  stur  is  to  be  ob- 
served  when  it  passes  behind  the 
ring  at  L,  when  it  reappears  at 
A ;  when  it  disappears  again  at 
A',  and  when  it  reappears  at  M. 

(151.)  To  determine  the  radius  of  the  ring. 
If  there  are  spider  lines  bisecting  the  ring  exactly  in  the  cen- 
tre, we  may  determine  the  radius  by  observing  the  time  required 
by  an  equatorial  star  in  passing  centrally  across  the  ring ;  or  by 
observing  the  passage  of  any  star  not  very  near  the  j>o!e,  and 
multiplying  the  interval  by  the  cosine  of  its  dechnation ;  that  is, 

15 

r=:Radius  — — {r— ?)oos.  Dee., 

where  t  and  ('  are  the  times  of  ingress  and  egress  of  the  star. 
l^e  Art,  72. 

The  radius  of  the  ring  will  retain  the  same  value  only  as  long 
as  the  distance  of  tlie  ring  from  the  object-glass  remains  un- 
changed. When,  therefore,  the  radius  of  the  ring  has  been  once 
determined,  the  position  of  the  tube  carrying  the  micrometer 
should  be  accurately  marked,  and,  in  all  subsequent  observa- 
tions, should  be  carefully  adjusted  to  the  same  ]>osition. 

(152.)  To  determine  the  difference  of  right  ascension  of  two 
stars. 

Point  the  telescsope  in  such  a  manner  that  the  stars  may  trav- 
erse the  ring  in  succession ;  one  of  them,  for  example,  from  A  to 
A',  the  other  from  B  to  B%  and  leave  the  telescope  undisturbed 
during  the  observation*  Note  the  times  T  and  T ',  corresponding 
to  the  instants  of  ingress  and  egress  of  the  first  star  at  A  and  hf ; 
again,  leaving  the  telescope  undisturbed,  note  tiio  times  i  and  t\ 
corresponding  to  ihe^  instants  of  ingress  and  egress  of  the  second 
star  at  B  and  B",  The  instant  of  passing  the  middle  point,  D, 
of  the  chord  AA^  will  be  denoted  by  i(T'-l-T) ;  and  the  instant 
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of  passing  the  middle  pointj  Hj  of  the  chord  BB'',  will  be  de- 
noted  by  i(t-\-t).  The  difFerenco  of  right  ascension  will  there* 
fore  be  i(r  +  ^)  — i{T'4-T),  provided  the  clock  has  no  rate  that 
sensibly  affects  the  interval. 

(153,)  To  determine  the  difference  of  declination  of  two  stars. 

Wo  must  previously  have  an  approximate  knowledge  of  the 
declination  of  each  of  the  stars. 

Pot  d  —the  approximate  declination  of  the  first  star; 
d'=the  approximate  declination  of  the  second  star. 

Then  we  shall  have 

AD=.i{T^^T)15oos.  d, 
and  BH-l{t'^i)l5  cos.  6\ 

Put      X=the  angle  ACD,  and  x— the  angle  BCH. 


Then  sin.  X  =  — =i5  oos.  6  (T-T) 

r      2r 

am.  x  = — ==— -  oos-  6{t'~t) 


(1) 


(2) 


2r 

Also,  CD  — r  cos*  X 

CH  —  r  COS.  X 

Hence  DH,  or  the  difference  of  declination  =  r( cos.  x—cos.  X), 
when  both  arcs  are  on  the  same  side  of  the  centre  of  the  ring, 
When  they  are  on  opposite  sides,  the  difference  of  declination 
=  f(cos.  a:+cos.  X). 

When  the  observations  are  made  with  reference  to  the  outer 
edge  of  the  ring,  we  must  proceed  in  the  same  manner ;  and  if 
observations  are  made  at  both  edges  of  the  ring,  a  mean  of  tho 
two  results  must  be  taken. 

The  results  for  right  ascension  wnll  be  mc^t  reliable  when  the 
stars  pass  near  the  centre  of  the  ring ;  but  the  results  for  decli- 
nation will  be  most  reliable  when  the  stars  pass  at  a  considera- 
ble distance  from  the  centre. 

(154.)  The  following  observations  of  Encke's  comet  and  a 
neighboring  star  will  illustrate  the  use  of  this  micrometer  : 


Star 
Comet 


Star 
Comet 


Ntiftti  or 
Soutti  of 
Cenirv'. 


N. 
S. 


N. 


Outer  Ring. 
\ngttam. 


k. 

23 
23 


13 
15 


Inner 
IngreM. 


Inner 
Ring. 
Egrru. 


13  2814 
llllS  36'l6 


44 
38 


23  35  5936 
33  37  48138 


2337 
1539 


Outer 
Egre«i. 


15 
17 


ConcIUfJtHl 
Tmnelt  aver 
Hoar- Circle, 


14 
16 


6.25 
8.0 


37  41|36  49.75 
39  3738  42.5 
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The  observations  of  the  first  of  the  preoeding  stars  with  the 
outer  ring  give  i(T^+T)=14m.  6.58.;  from  the  inner  ring  we 
obtain  14m.  68. ;  the  mean  of  the  two  is  14m.  6.25s.,  which  is 
the  time  of  passing  the  middle  point  of  its  chord.  In  the  same 
manner  we  obtain  for  the  comet  16m.  8.0s.  Hence  their  differ- 
ence of  right  ascension  was  2m.  1.75s. ;  and,  in  the  same  man- 
ner, their  difference  of  right  ascension  at  the  second  observation 
was  Im.  52.75s. 

The  difference  of  declination  is  computed  as  follows,  using 
only  the  observations  of  the  inner  ring : 

The  radius  of  the  inner  ring  was  9^  38^''=578^^ 

The  declination  of  the  star  was  32°  8^  41^^  N. 

The  declination  of  the  comet  at  the  first  observation  was  31° 
56^  25^^  N.  nearly. 

The  declination  of  the  comet  at  the  second  observation  was 
31°  53"  14""  N.  nearly. 

For  the  first  star  observation,  by  equation  (1), 
^(i^-0=38s.  =  1.57978 
15    =1.17609 
cos.  (5=9.92773 

1=7.23807 
r 

a;=56o  36"  50"'  sm.  =  9.92167 
By  equation  (2), 

COS.  a;=9.74058 
r=2.76193 
CH=318"".1=2.50251 
In  a  similar  manner,  for  the  fiirst  comet  observation,  we  ob- 
tain 

CD=422"".3. 
Hence,  sinee  the  star  and  comet  were  on  opposite  sides  of  the 
centre,  the  difference  of  decUnation=318"".l+422"".3=740"".4 
=  12"20"".4. 

In  the  same  manner,  we  find  the  difference  of  declination  at 
the  second  observation  to  be  15"  29"".7. 

(155.)  Frequently  a  comet  changes  its  right  ascension  and 
declination  so  rapidly  that  we  can  not  assume  that  in  one  sec- 
ond of  time  it  describes  15""  cos.  <5  in  arc,  and  that  its  path  is 
})erpendicular  to  an  hour  circle.    In  this  case,  we  must  apply  a 


;eb 


nURNAL 


M 
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correction  to  the  result  obtained  without  regarding  the  proper 
motion. 

Let  NS  represent  an  hour  circle,  and  draw  BB'  perpendicular 
toNS. 

Sappose  the  comet  to  describe  the  path 
BK  instead  of  BB', 

Represent  CG  by  d=the  least  distance 
of  the  comet  from  the  centre  of  the  ring ; 
and  let  t  =  |  {^'  — ^)  =  half  the  interval  be- 
tween the  ingress  and  egress ;  then 

Eepresent  by  Aa  the  increase  of  right 
ascension  of  the  comet  in  a  second  of  time ;  At  the  change  of 
T  caused  by  the  change  of  right  ascension,  so  that  t  +  ^t  repre- 
sents tlie  half  interval  which  would  have  been  observed  if  there 
^had  been  no  change  of  right  ascension.  Then 
At—  —tAo. 
But|  by  differentiating  the  above  expression  for  rf*,  we  have 
.  ,  15V  COS.  M . 
tion 
L 


Ad=- 


-At. 


Hence 


Ad={15TCos.  <J) 


»Aa 


(A) 


lich  represents  the  required  correction  of  the  comet's  declina- 


tion. 

Let  Ar5  represent  tlie  change  of  declination  of  the  comet  m  a 
second  of  time,  and  n  the  angle  KBB',  which  the  comet's  path 
makes  with  a  parallel,  we  shall  have 

ta  A^ 

^*^      (15  +  Aa)c0S.  cJ* 
or  we  may  assume  without  appreciable  error, 

A6 

t^gn-~ -. 

15  cos,  6 

Let  1/  represent  GI,  the  portion  of  the  comet's  path  between 

tlie  hour  circle,  CI,  and  tlie  peri>endicular,  CG,  drawn  from  the 

centre  upon  the  path,  and  we  shall  have 

.^                  dAd 
y^d  tang,  n  -  — -. 

The  correction  to  be  applied  to  the  time  of  transit  over  the 
hour  circle,  determined  without  regard  to  proper  motion,  is 
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15  COS.  <5' 

Ar=+— ^^ (B) 

(15  COS.  6y  ^  ' 

In  the  example  given  above,  the  comet's  motion  in  right  aS' 

cension  in  24  hours  was  —  7m.59.25s.,  and  in  declination  —3° 

5^  ^\1.     Consequently, 

log.  Aa=7.74405», 

and  log.  A(J=9.10884». 

Moreover,  we  have  before  found, 

log.  c/=2.62567 

T=31s. 

d=3lo  56^  25  ^ 

To  compute  £^d.  To  compute  Ar. 

By  fonnuU  A.  By  formula  B. 

15=1.17609  rf=2.62567 

T=31s.= 1.49136  A(i=9.10884w 

COS.  d= 9.92870  1.73451« 

2.69616  (15  COS.  Jf= 2.20958 

2  At=-0.33s.=9.52493«. 

6.19280 
Ao=7.74405» 
comp.  <f= 7.37433 
Ad=-2".04=0.31068«. 

At  the  time  of  these  observations,  the  comet  was  moving 
southward  from  the  centre  of  the  field,  so  that  its  apparent  path 
may  be  represented  by  BK.  It  passed  the  point  Gr,  half-way 
between  B  and  K,  at  16m.  8.0s.  Hence  it  passed  the  point  I,  on 
the  hour  circle  bisecting  the  ring,  at  16m.  8.33s.  Therefore  the 
true  difierenoe  of  right  ascension  was  2m.  2.08s. 

The  comet's  least  distance  from  the  centre  of  the  ring  was  be- 
fore computed  to  be  422".3,  which  is  represented  by  CG.  Its 
corrected  distance  is  CH,  which  is  420".3.  Hence  thctrue  dif- 
ference of  declination  was 

420".3 + 318".l = 738".4 = 12'  18".4. 


^ 
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TIME. 

(156.)  The  interval  between  two  successive  returns  of  the 
vernal  equinox  to  the  same  meridian  is  called  a  sidereal  day. 

The  interval  between  two  successive  returns  of  the  sun  to  the 
same  meridian  is  called  a  solar  day. 

The  sun  completes  an  apparent  revolution  about  the  earth 
in  one  year,  or  365  days  5  hours  48  minutes  und  47.57  sec- 
onds ;  so  that  the  sun's  mean  daily  motion  is  found  by  the  pro* 
portion 

one  year :  one  day ::  360^  :  daily  motion =59^  8'^33, 

This  motion  is  not  uniform^  tut  is  greatest  when  the  sun  is 
nearest  the  earth*  Hence  the  solar  days  are  unequal ;  and  to 
avoid  the  inconvenience  which  would  result  from  this  fact,  as- 
tronomers have  recourse  to  a  mean  solar  day,  the  length  of  wliich 
is  equal  to  the  mean  or  average  of  all  th©  apparent  solar  days 
in  a  year- 

(157,)  The  length  of  the  mean  solar  day  is  different  from  that 
of  the  sidereal,  because  when  the  mean  sun,  in  its  diurnal  mo- 
tion, returns  to  the  meridian,  it  is  59'  8''.33  advanced  eastward 
in  right  ascension. 

An  arc  of  the  equator,  equal  to  360'^  59^  8'\33,  passes  the 
meridian  in  a  mean  solar  day,  while  only  360^  pass  in  a  sidereal 
day.  To  find  the  excess  of  the  solar  day  above  the  sidereal  day, 
expressed  in  sidereal  time,  we  have  tie  proj>ortion 

360^^  :  59'  8'^33 ::  one  day :  3m.  56.555s. 

Hence  24  hours  of  mean  solar  time  are  equivalent  to  24h. 
3m,  56.555s.  of  sidereal  time.  As  we  have  frequent  occasion 
to  convert  intervals  of  mean  solar  time  into  intervals  of  sidereal 
time,  Table  IV.  has  been  constructed,  from  which  such  inter- 
vals are  found  by  mere  inspection. 

Example.  Find  the  sidereal  interval  which  corresponds  to  15h. 
20m.  20,58s.  of  mean  solar  time. 
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Aooording  to  Table  IV., 

15  hours  mean  solar  time=  15h.    2m.  27.847s.  sidereal  time. 
20  minutes**       **      *'    =         20        3.285        "         " 
20  seconds   **       *'      *'     -  20,055         «         <* 
0.58             *'       ''      ''    :^  0-582       .  *'         ** 
The  sidereal  interval        =l5h.  22m.  51.769s. 

To  find  the  excess  of  the  solar  day  above  the  sidereal  day,  ex- 
pressed in  solar  time,  wo  have  the  proportion 

360^  59'  8'  .33:59'  8^\33::one  day  :3m.  o5.909s. 

Hence  24  hours  of  sidereal  time  are  equivalent  to  23h.  56m. 
4.091y.  of  mean  solar  time.  In  order  to  facilitate  the  conver- 
sion of  sidereal  time  into  solar  time,  Table  V.  lias  been  construct- 
ed, from  which  these  intervals  are  found  by  mere  inspection. 

Exam  pie.  Find  the  solar  interval  which  corresponds  to  161i. 
15m.  25.66s.  of  sidereal  time. 

According  to  Table  V., 

16  hours  sidereal  time=:15h.  57m.  22.727s.  moan  solar  time. 
15  minutes  "         **     =         14      57.543       "        **        ** 
25  seconds   "         **     -  24.932       '^        ''       *' 
0.66             **         **     =  0.658       **        «        " 
The  solar  interval        :=16h.  12m.  45;86(E 

(158.)  Throughout  this  work  wo  shall  suppose  the  student  tn 
have  in  hm  possession  some  astronomical  ephoracris,  like  the 
Nautical  Almanac.  The  English  Nautical  Ahnanac  has  been 
published  annually  since  1767,  and  generally  appears  about 
three  years  in  advance  of  the  date  for  wliich  it  is  computed* 
The  French  Connaissance  dcs  Temps  has  been  published  annu- 
ally since  1679»  without  ever  having  snlTered  a  single  interrup- 
tion; and  the  Berlin  Astronomisohes  Jahrbueh  has  been  pub- 
lished annually  since  1776.  Tlie  first  volume  of  the  American 
Nautical  Almanac,  being  for  1855^  was  published  in  February, 
1853,  and  since  that  tiiue  it  has  been  published  anoually. 
Either  of  these  almanacs  will  furnish  all  the  data  which  are 
required  for  the  conipntations  in  this  treatise.  We  shall,  how- 
ever, employ  the  American  Nautical  Almanac,  whenever  it  can 
conveniently  be  done;  and  for  other  cases  shaU  refer  to  the 
English  Nautical  Almanac 


Time.  123 

Problem, 

(159.)   To  convert  mean  solar  time  into  sidereal  time. 

When  the  suu  is  on  the  meridian,  the  sidereal  time  is  the  same 
as  the  Sim's  apparent  right  ascension. 

Thus,  according  to  the  American  Nautical  Almanac  for  1855, 
page  271,  tlie  sun's  apparent  right  ascension  at  Washington,  ap- 
parent noon,  January  1,  1855,  is  18h.  46m,  58,21s*;  this  is, 
therefore,  the  sidereal  time  at  that  instant.  The  sidereal  time 
of  mean  noon  may  he  found  from  the  preceding,  hy  applying  the 
equation  of  time,  reduced  to  its  sidereal  equivalent.  Thus,  on 
January  1,  1855,  the  equation  of  time  is  +3nL  49.72s.,  wliich  is 
equivalent  t<>  3m,  50.35s.  sidereal  time.  Therefore  the  sidereal 
time  of  mean  noon  is 

18k  46ra.  5S.21s.  -3m,  50.35s.,  which  equals  18h,  43m,  7,86s, ; 
and  this  is  the  numter  given  in  the  last  coturrm  of  page  271  of 
the  almanac.  The  almanac  furnishes,  in  like  manner,  the  side- 
real time  of  mean  noon  at  Washington  for  every  day  in  the  year. 
With  this  assistance,  wo  can  easily  convert  any  instant  of  mean 
solar  time  into  its  corresponding  sidereal  time,  by  the  following 

Sidereal  time  required^ sidereal  time  at  the  preceding  mean 
noon,  plus  the  sidereal  intervcU  corresponding  to  the  given 

mean  time. 

Example,  Convert  2h,  22m.  25.62s.  mean  solar  time  at 
Washington,  January  2, 1855,  into  sidereal  time. 

Sidereal  time  at  the  preceding  mean 

noon,  viz,,  January  2 ,  ,  .  18h.  47m.    4.42s, 

Add  the  mean  time,  reduced  to  its  side- 
real equivalent  by  Table  lY 2h.  22m,  49.02s. 

The  ,sum  is  tho  sidereal  time  required  21h.    9ra.  53.449, 

If  the  place  of  observation  be  not  on  tho  meridian  of  tlio  ephera- 
eris,  the  sidereal  time  at  mean  noon  must  be  corrected  by  the 

additicm  of  9.8565s.  i  =:  —  ^  o  i'~"~" )  '^^  ^^^h  hoar  of  longi- 
tude, if  tlio  place  be  to  the  west  of  tho  first  meridian,  but  by  its 
mbstraction  if  to  the  east. 

Example,  Convert  7h,  55m.  5L65a.  mean  time  at  the  High 
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School  Observatory,  Philadelphia,  April  19,  1855,  into  sidereal 
time. 

The  sidereal  time  at  the  preceding  Wash- 
ington mean  noon  is  . Ih.  48m.  55.82s. 

Correction  for  7m.  33.6s.,  Philadelphia 

east  of  Washington —1.24s;, 

Sidereal  time  at  the  preceding  Philadel- 

pliia  mean  noon    ..*,........  Ih.  48m,  64.68s* 

Add  the  mean  time,  reduced  to  its  side- 
real equivalent 7h.  57m.    9.82s, 

The  sum  is  the  sidereal  time  required  .  .  9h.  46m.    440$. 

Problem. 

(160.)  To  convert  sidereal  lime  into  mean  soiar  time. 

If  from  the  proposed  sidereal  time  wo  subtract  the  sidereal 
time  at  the  preceding  mean  noon,  we  shall  obtain  the  interval 
from  mean  noon  expressed  in  sidereal  time ;  and  if  we  convert 
this  interval  into  its  mean  solar  equivalent,  we  shall  have  the  in- 
terval elapsed  since  mean  noon  expressed  in  mean  time,  and  there- 
fore the  time  which  ought  to  he  shown  by  a  mean- time  clock. 

Example,  Convert  21h.  9m*  53.44s.  sidereal  time  at  Wash- 
ington, January  2,  1855,  into  mean  solar  time. 

Sidereal  time  given 21h,    9ni,  53,44s. 

Sidereal  time  at  preceding  mean  noon  .  18h.  47m.    4.42s. 

Interval  in  sidereal  time  from  mean  noon     2h.  22m,  49.02s. 

Equivalent  in  mean  solar  time  by  Ta- 
ble V 2h,  22m,  25.62s, 

which  is  therefore  the  mean  solar  time  required, 

(161.)  If  wo  subtract  the  sidereal  time  at  mean  noon  from 
twenty-four  hours,  and  convert,  this  interval  into  its  solar  equiv- 
alent, we  shall  have  the  mean  time  of  transit  of  the  first  ipint 
of  Aries,  which  may  be  called  the  mean  time  at  sidereal  noon. 
It  is  the  time  which  ought  to  be  shown  by  a  mean-time  clock, 
at  the  moment  that  a  clock  adjusted  to  sidereal  time  indicates 
exactly  Oh.  Om.  Os.  The  mean  time  of  transit  of  the  first  point 
of  Aries  is  given  in  the  English  Nautical  Almanac  for  every  day 
of  the  year,  on  page  xx.  of  each  month.  It  is  omitted  in  the 
American  iVlmanao  for  1855,  but  is  inserted  in  the  Almanac  for 
1856,  on  page  m.  of  each  month,  under  the  title  rneah  time  of 
sidereal  Oh,     This  quantity  is  found  as  folbws : 


\ 
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The  sidereal  time  at  Greenwich,  mean  noon,  January  1, 1855, 
is  ISh.  42m  17.25s,  Subtracting  this  from  24  hoursj  we  have 
5h.  17m.  42.75s.,  which,  reduced  to  its  equivalent  solar  interval, 
is  5h.  16ra.  50,70s.,  which  is,  therefore,  the  mean  time  of  transit 
of  the  first  point  of  Aries  for  January  1, 1855,  at  Greenwich,  and 
is  so  given  on  page  xx.  of  the  English  Almanac.  With  this  as-  . 
sistance,  we  can  easily  convert  any  instant  of  sidereal  time  into 
its  corresponding  mean  solar  time,  by  the  following 

Rule* 

The  mean  solar  time  required —mean  time  at  the  preceding 
sidereal  nooHf  plus  the  tnean  interval  corresponding'  to  the 
given  sidereal  time. 

Example,  Convert  21h.  Sm.  55.39s.  sidereal  time  at  Green- 
wich, January  2,  1855,  into  mean  time. 
Mean  time  at  the  preceding  sidereal  noon, 

January  1 5h.  16m.  50.70s. 

Add  the  given  sidereal  time  reduced  to 

its  equivalent  mean  time  . 21h.    5m.  27.61s* 

The  sum  is  the  mean  time  required,  Jan-  _^ 

uary  2  .......... 2h,  22m.  18.21s. 

(162.)  If  the  place  of  observation  be  not  on  the  meridian  of 
the  ephemeris,  the  mean  time  of  the  transit  of  the  first  point 
of  Aries  must  he  corrected  by  the   subtraction   of  9.H296s. 

I  = —^ — — - )  for  ®ach  hour  of  longitude,  if  the  place  be  to 

the  west  of  the  first  meridian,  but  by  its  addition  if  to  the  east. 
Example.  Convert  22h.  11m.  37.68s.  sidereal  time  at  High 
School  Observatory,  Philadelphia,  October  17,  1855,  into  mean 
time, 

The  mean  time  at  the  preceding  Green- 

\vich  sidereal  noon  is  ........  .  lOh.  20m.  32.74s. 

Correction  for  5h.  Ora.  37.6s.,  Philadel- 
phia west  of  Greenwich —49.25s. 

Mean  time  at  the  preceding  Pliiladelphia 

sidereal  noon lOh,  19m.  43.49s. 

Add  the  sidereal  time,  reduced  to  its 

moan  equivalent 22h.    7m.  d9.52s. 

The  sum  is  the  mean  time  required  .  .     Sh.  27m.  43.01s. 
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Problem. 

(163.)  To  find  the  time  by  observation. 

First  MethoiL — Btf  equal  altitudes  of  a  star  on  opposite 

sid^s  of  the  meridian. 

Observe  the  tinios  when  the  star  has  equal  altitudes  before 
and  after  passing  tlie  meridian  ;  the  arithmetical  mean  between 
these  times  is  the  time  of  tho  star's  passing  the  meridian.  By 
comparing  this  time  with  the  known  place  of  the  star,  we  may 
obtain  tlie  error  of  the  clock. 

Example,  Tho  numbers  in  column  first  of  the  foUomng  table 
show  the  times  when  Aroturus  had  the  altitudes  contained  in 
column  second,  on  tJie  east  of  the  meridian,  Column  third  shows 
the  times  when  it  had  the  same  altitudes  on  the  west  of  the  me- 
ridian. Column  fourtli  shows  the  smns  of  these  times,  the  av- 
erage of  which  is  28h.  7m.  42,5s. ;  consequently  the  star  passed 
the  meridian  at  14h.  3m.  51.25s.  by  tho  clock. 


ElMt. 

Altltudo. 

y/tm. 

SmB. 

*.      m.         •. 

o           * 

h,      ffi.        t. 

*.    m.       M. 

10  55  49.2 

43  10    1 

17  11  53.0 

28  7  42.2 

57  59.5 

43  30 

9  43.0 

42.5 

11     0    9.7 

43  50 

7  32.5 

42.2 

2  20.7 

44  10 

5  22.2 

42.9 

6  43.7 

44  50 

0  59.0 

42.7 

tiean 

.  28  7  42.6 

Meridian  passage 

=14  3  61.25 

If  we  suppose  the  clock  regulated  to  sidereal  time,  and  tho 
right  ascension  of  tho  star  to  be  141l  9m.  0.16s.j  then  the  clock 
was  slow  5m.  8.91s, 

(164.)   Second  Method. — By  equal  altitudes  of  the  sun. 

Since  the  declination  of  the  sun  changes  from  morning  to 
evening,  the  time  of  the  sun's  arriving  at  a  given  altitude  is 
affected  by  this  motion,  and  we  must  compute  the  correction 
to  bo  applied  to  tlie  mean  of  tho  times  observed.  This  may  be 
done  by  the  following  method : 

Let  PZlt  be  the  meridian  of  the  place  of  observation,  P  tho 
pole,  Z  tho  zenith,  AMB  a  small  circle  parallel  to  tho  horizon, 
ANB  the  parallel  described  by  a  star  in  its  diurnal  motion,  and 
cutting  the  former  circle  in  A  and  B.     If  ZA  is  found  by  obscr* 
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vation  equal  to  ZB,  then,  since  PZ  is  constant,  if  the  polar  dis- 
tancCf  PA,  does  not  change^  the  two  triangles,  PZA,  PZB,  will  he 
tnntuaily  equilateral,  and,  consequentlyt  the  angle  ZPA  =  ZPB ; 
that  is,  the  hour  angle  of  a  star  ^ 

from  the  meridian  is  the  same 
for  equal  altitudes  on  the  east 
and  west  sides  of  the  meridian ; 
and  this  is  the  case  mth  all 
the  fixed  stars,  but  not  with 
the  sun.  8up{KJse  the  polar 
distance  of  the  sun  has  di- 
mmlshed  during  tlio  interval, 
tlien,  when  the  western  hour 
angle,  Zl^B,  is  equal  to  the  east- 
ern, ZPA,  the  sun  will  bo  at  B% 
nearer  to  the  zenith ;  and  when 
the  sun  reaches  the  circle  AMB  at  C,  the  honr  angle  ZPC  will 
be  greater  than  the  hour  angle  ZPA  or  ZPB. 

It  is  necessary,  then,  to  compute  the  angle  BPC. 

Put  0= the  latitude  of  the  place;  d^ the  declination  of  the 
sun  when  on  the  meridian ;  d4  —  iho  increase  of  declination  from 
the  meridian  to  the  afternoon  observation ;  P  =  the  hour  angle 
from  the  meridian,  supposing  no  change  in  the  decliuatinn ; 
(/P=the  increase  of  the  hour  angle  in  time  caused  by  the  change 
of  declination  ;  and  Z  =  the  observed  zenith  distance. 

Now,  in  the  triangle  APZ,  Trig.,  Art.  225, 

COS.  AZ  =  cos.  PZ  cm.  AP+siu,  PZ  sin.  AP  cos.  APZ. 
or        cos.  Z  =  sin,  (ji  sin.  (S+oos.  ^  cos,  6  cos.  P (1) 

Also,  in  tlie  triangle  CPZ, 

COS.  CZ  =  oos.  PZ  COS.  CP  +  sin.  PZ  sin.  CP  ooe.  CPZ, 
or     COS.  Z=sin,  <p  sin,  (d+dd)+cos.  ^  cos.  (S+d6)  cos.(P  +  ^) 
=sin.  <fi  sin.  S  cos.  dS+sia.  0  cos.  J  sin*  dS 
+OOS.  <fi  (cos.  S  COM.  t/(J— sin.  d  sin.  d*^)  (cos.  P  cos.  rfP 
—sin.  P  sin.  dV), 

But  since  tlie  variations  of  6  and  P,  in  the  present  case,  are 
necessarily  small,  wo  may  put 
cos.rfd=l;  oos.dP==l;  sin.c/d^rfdsin.  1";  sin.rfP  =  15e/P8in.l''. 

Therefore, 
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C50S.  Z=sin,  <p  sin.  6+dd  sin-  V^  sin.  <f>  cos,  <J4-C508*  ip  cos,  6  oos-  P 

—  f/d  sin.  1 '  COS.  f  sin.  S  cos.  P 

—  15(iP  sin.  V  cos.  i;i»  cos.  6  sin.  P. 
Hence,  by  equation  (1), 

0—dd  sin.  1^  cos.  6—d^  cos.  ij!)  sin.  6  cos.  P 

—  15f/P  COS.  0  COS.  d  sin,  P. 
Whence 

dd  sin*  0  COS.  d—dd  cos.  ^  sin.  6  cos,  P 


15  COS.  ^  cos,  (5  sin.  P 

0  ooseo.  P"tang.  tJ  cot.  P) 


or  rfP  =  --(tang.  i^  ooseo.  P—tang.  6  cot.  P)  ......  .  (2) 

which  is  the  correction  to  be  appHed  to  the  mean  of  the  times 
observed. 

If  the  sun's  motion  in  declination  is  northward,  this  correction 
is  to  be  subtracted  from  the  mean  of  the  times  observed ;  if  the 
motion  is  southward,  it  must  bo  added. 

Ex,  1.  At  a  place  in  Lat.  54°  20'  N.j  the  sun  w^as  found  to 
have  equal  altitudes  at  8h.  59m.  4s.  A.M.  and  at  3h.  Om.  40s.  P.M. 
It  is  required  to  find  the  time  of  noonj  the  declination  of  the  sun 
being  19^  48'  29  "  N.,  and  the  decrease  of  declination  between 
the  two  observations  being  192^'. 

By  equation  (2), 

tang.  *^  =  0.14406 
cosec.  P= 0.14900 


^=6.4=0.80618 


tang,  rf  — 9.55652 
cot  P  =  9.99697 

d6 

15 
2.293. 


=0.80618 


:  0.35967 


12.57s.  =  1.09924 
Hence  12.57-2.29=10.28s.=rfP. 

This  correction  is  to  bo  added  to  the  mean  of  the  times  ob* 
servedj  because  the  sun^s  motion  was  southward. 

The  mean  of  the  observed  times  is  llh.  59m.  52s. ;  therefore 
the  time  of  apparent  noon  was  Oh.  Oni.  2.28s.,  or  the  clock  was 
2.28s.  too  fast  by  apparent  time. 

(165.)  In  order  to  facilitate  the  preceding  computations,  vari- 
ous tables  have  been  devised,  but  the  one  M^hich  has  been  chiefly 
used  was  first  proposed  by  Gauss.  Table  XI.  is  from  the  Amer- 
ican Nautical  Almanac  for  1856,  and  was  furnished  by  Professor 
Chauvenet.     It  differs  from  the  table  of  Gauss  only  in  using  the 
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hourly  change  of  the  stin's  decimation  instead  of  twice  tho  daily 
change.     This  tabic  was  constructed  as  follows ; 

Put  T^the  interval  of  time  between  tho  morning  and  after- 
noon observations,  expressed  in  hours. 
^  =  the  hourly  change  of  the  sun's  declintttion. 
Then,  since  dd  represents  the  increase  of  declination  from  the 
meridian  to  the  afternoon  observation,  we  shall  have 

And  sinee  P  represents  the  hour  angle  from  tlie  meridian  ex- 
pressed in  arc,  we  shall  have 

P  =  7^T. 
Henoo  the  correction  to  be  added  to  the  mean  of  the  times 
observed  to  obtain  the  time  of  apparent  noon  is 
_  _  ^tT  tang.  1^        fiH  tang.  6 
30  sin.  ?iT     30"^ngr7if' 

:r^-Mang,^3^J^^^^+Mang.cy- 

Let  ns  make 


X  — 


or 


^30  sm,  7JT 

T 


30  tang.  7ir 


T 


^     30  sin.  7iT'  ^^^  ^     30  tang.  7if' 
and  we  shall  have 

X—  —  A^  tang.  ^+B|t*  tang.  d. 
Table  XI.  furnishes  the  values  of  A  and  B  for  all  values  of  T 
from  2  hours  to  24  hours.     The  following  is  the  method  of  com- 
puting A  and  B ; 


Let  T=.  2  hours. 

7iT  =  15^  sin.=:9.4130 

30=z  1.4771 

O.H90i 

2=03010 

log.  A=9.410y 


7iT=15^  tang.:=94280 

30  =  14771 

0.9051 

2=:0;3010 


log.  B= 9.3959 


which  are  the  values  of  log.  A  and  log.  B,  given  in  the  table  for 
an  interval  of  2  hours ;  and  in  the  same  mamier  were  the  other 
numbers  computed.  If  we  employ  tlie  numbers  of  this  table, 
the  computation  of  Ex.  1  will  proceed  as  follows : 

The  interval  of  time  between  the  morning  and  afternoon  ob- 
servations being  6h.  Im.  36s.,  we  have,  by  Table  XL,  log.  A  = 
9.4520,  and  log.  B= 9.2999;  and  by  the  Nautical  Almanac, 
p=  —  31'^85.     The  operation,  therefore,  will  stand  thus : 

I 
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log.  A  =  9.4520 
tang.  ^=0,1441 

- 12.578. : 


log.  B  =  9.2909 
^=-3L85=1.5031» 
tang.  <5= 9,5565 
-2.29st.=iO;i59oAi 


1,0992^* 

Hence  ^=12.57  — 2,29  — 10.28,  the  same  correction  as  found 
on  page  12S, 

The  following  rule  for  the  signs  of  the  t%vo  terms  of  the  cor- 
rection for  equal  altitudes  may  be  found  convenient; 

The  sign  of  the  first  term  h  positive  from  the  summer  to  the 
winter  solstice,  ami  negative  from  the  winter  to  the  summer 
solstice. 

The  sign  of  the  second  term  is  jjositive  from  the  equinoxes  to 
the  solstices,  and  negative  from  the  solstices  to  the  equinoxes. 

(166.)  The  following  is  the  most  convenient  mode  of  taking 
thei?e  observatioas.  Having  brought  the  lower  limb  of  the  sun, 
as  seen  reflected  from  the  sextant  mirror,  into  approximate  con- 
tact with  the  upper  limb,  as  seen  reflected  from  the  mercury, 
mo%^e  the  %^ernier  forward,  and  set  the  zero  to  coincide  with  some 
convenient  division  upon  the  limb.  Wait  for  the  instant  of  con- 
tact, and  note  the  time  by  the  chronometer.  Move  the  vernier 
forward  10'  or  20',  and  note  the  instant  of  contact  as  before, 
making  the  successive  observations  at  equal  intervals  of  10^  or 
20'.  It  is  by  no  means  necessary  that  the  sextant  should  indi- 
cate the  true  altitude  of  tho  body,  for  it  is  the  i>eeuliar  exocl- 
lence  of  this  method  that  it  merely  requires  the  observations  to 
be  made  at  the  sar?ie  altitude  on  both  sides  of  the  meridian. 

Ex,  2.  At  Pembina,  in  Lat  48^  58'  34^',  the  following  double 
altitudes  of  the  sun's  upper  limb  were  obser\'ed  August  22d, 
1849: 


AM, 

Double  AltUudcs. 

p.!*. 

k.  m.     «. 

o 

*.    m.      J. 

9  0  50 

78  36  45 

2  33  55 

9  1  55 

78  53  45 

2  32  47 

9  3  14 

79  14  15 

ri  31  35 

9  4  25 

79  32  30 

2  30  28 

9  5     9 

79  43  45 

2  29  23 

9  6     &I 

80    2  15 

2  28  40 

9  6  48 

80  10  45 

2  28     2 

9  8  12 

80  34  45 

2  26  40 

It  is  required  to  find  the  error  of  the  chronometer,  the  decli* 
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nation  of  the  sun  being  ll'^  39'  44''  N*,  and  the  hourly  decrease 
of  declination  being  50  ^77, 

When  we  have  a  niiraber  of  observations  made  at  short  inter- 
vals of  time,  as  in  the  present  instance,  it  is  most  convenient  to 
take  the  average  of  all  tho  morning  observations,  which  in  the 
present  case  is  9h.  4ni.  35.1s, ;  and  also  the  average  of  the  even- 
ing observations,  wliich  in  tho  present  case  is  2h.  30m*  lL2s.9 
and  regard  them  as  constituting  one  complete  observation.  The 
mean  of  these  times  is  llh.  47m.  23.15s. ;  the  correction  of  the 
hour  angle  is  found  to  be  13.98s.  Therefore  the  time  of  appar- 
ent noon  was  llh,  47m.  37,13s,,  or  the  chronometer  was  slow 
by  apparent  time  12m,  22.87s. 

Ex.  3.  It  is  required  to  find  the  error  of  the  chronometer  from 
the  following  observations  of  the  sun's  lower  limb,  inado  October 
8th,  1852,  in  Lat.  30^  4"  N. ;  the  sun's  dechnation  at  noon,  Oc- 
tober  8th,  being  6^  7'  S.,  and  decreasing  57^M7  per  hour. 


A.M. 

DouMr  Aliiladm, 

P.M. 

Jt       m.      *. 

J 

k.     m.       a. 

21    7  27 

73    0 

2  33  59 

8  24 

20 

33    3 

9  23 

40 

32    5 

10  IS 

74     0 

31     9 

11  1(3 

20 

30  12 

12  11 

40 

29  14 

13  11 

75     0 

28  18 

14     9 

20 

27  15 

15  10 

40 

2C  15 

16     6 

76     0 

25  20 

Ans,  The  mean  of  the  observed  times  is  23h,  50m.  43.0s. ;  the 
correction  of  the  hour  angle  is  -f  10.45s.  Hence  the  time  of  ap- 
parent noon  was  23h.  50m.  53,45s. ;  and  since  the  equation  of 
time  was  —  12m.  34.77s.,  the  chronometer  was  3m,  28.22s.  to<j 
fast  by  mean  time. 

(167.)  It  frequently  happens  that  clouds  prevent  oiu  taking 
the  afternoon  observations  corresponding  to  the  morning  observ^a- 
tions  ;  but  if  the  clouds  stibsequently  disperse,  w^e  may  still  tako 
a  series  of  western  altitudes,  and  wait  about  18  hours  to  observ^e 
the  corresponding  eastern  altitudes.  If  the  observations  are 
made  upon  a  star,  the  mean  of  the  observed  times  wnll  give  the 
time  of  passage  over  the  lower  meridian.     If  the  observatioas 
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are  made  upon  the  sun,  the  correction  to  the  mean  of  the  ob- 
served times  will  still  be  given  by  tbrmuta  (2),  page  128.  If 
the  sun  is  moving  northwaid,  it  will  bo  further  from  the  upper 
meridian  at  the  time  of  the  eastern  observation  than  at  the  time 
uf  the  western,  that  is^  it  will  be  nearer  to  the  lower  meridian. 
Hence  the  correction  given  by  formula  (2)  must  bo  added  to  the 
meaa  of  the  observed  times ;  and  if  the  interval  between  the  ob- 
servations exceeds  12  hours,  B  will  be  negative,  because  cot.  P 
will  be  negative.  Hence  the  correction  to  be  added  algebraicah 
!y  to  the  mean  of  the  observed  times,  to  obtain  the  time  of  ap- 
parent midnight,  is 

af — A/i  tang,  tp+Bfi  tang.  6. 
Ex.  4.  It  is  required  to  find  the  error  of  the  chronometer  from 
the  following  observations  of  the  sun's  lower  limb,  made  Octo- 
ber 8  th  and  9th,  1852,  in  latitude  30°  4'  N,,  the  sun's  declina- 
tion at  midnight  being  —6°  19%  and  decreasing  57''.06  per  hour. 


Ocfolier  sen,  F,M 

DouMb  AlUtude*. 

October  Oth,  A.M. 

h,      m,      K. 

a 

/L        fN,        t. 

2  33  59 

73    0 

21    8  43 

33    3 

20 

9  41 

32    5 

40 

10  39 

31    9 

74    0 

11  3f3 

30  12 

20 

12  34 

29  14 

40 

13  31 

28  13 

75    0 

14  30 

27  15 

20 

15  28 

26  15 

40 

16  28 

25  20 

76     0 

17  26 

Ans.  The  mean  of  tho  observed  times  is  llh.  51m.  22.05s,; 
the  correction  of  the  hour  angle  is  —37,12s.     Honco  the  time 
of  apparent  midnight  was  llh.  50m.  44.93s. ;  and  since  the , 
equation  of  time  was  —12m.  42.82s.,  the  chronometer  was  3m» 
27»75s.  too  fast  by  mean  time, 

(168.)  Third  Method, — Bfj  a  single  aliitude  of  the  sun  or  a 
T.  star. 

Let  PZH  bo  the  meridian  of  the 

place  of  observation,  P  the  poie,  Z 

zf  \    the  zenith,  and  S  the  place  of  the  sun 

or  star.     If  the  zenith  distance^  8Z, 

^D  has  been  measured  and  corrected  for 
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refraction,  then  in  the  spherical  triangle,  ZPS,  the  three  sides 
are  known,  viz,, 

P  Z  =  the  co-latitude — i/* ; 
ZS=the  true  zenith  distance  =  ^ ; 
PS  =^  the  north  pelar  distance  of  the  star=f/. 
In  this  triangle  we  can  compute  the  angle  ZPS,  which  is  the 
distance  of  the  star  from  the  meridian. 
By  Trig.,  Art.  226, 

sin.  ^^^^^}M^-^)^^A^-^1. 
at  2S= 


b  sin,  c 


sin. 


iP=V^ 


9in.(S— V)sin,  (S— ^ 


sin,  1^  sin*  d 

Ex,  1.  At  a  place  in  Lat.  25°  40'  N,,  the  sun's  correct  cen- 
tral altitude  was  found  to  >>e  10^  6'  S?'*,  when  his  declination 
was  8^  5'  56"''  S.     What  was  his  distance  from  the  meridian '? 


V>=  64^  20'  0'^ 
242^TFW' 

S=121^  9M4'' 
S—ip-  56<^  49'  44^' 
S-^=  23<^    3M8' 


sin,  (S^^)  =  9.922746 

Bin.  (S^e/)  =  9.593007 

00960.1^=0,045117 

ooseo.fi  ^0.004353 

2)9^565223 

.5  sin.  =9782612 


JP=37^18''53' 

P=74^37'47'^ 

or  4h.  58m*  31-ls.  =  apparent  time. 
It  may  be  found  convenient  to  employ  in  our  coiuputation  (p, 
the  latitude  of  the  place,  and  (f,  the  declination  of  the  star,  rath- 
er than  the  co-latitude  and  polar  distance.  For  this  purpose,  we 
have  only  to  substitute  in  the  preceding  formula  d  for  90*^  — f/, 
and  0  for  90^  — i/?,  and  we  shall  obtain 


V  COS.  ip  COS. 


cos.  ip  cos.  6 

Ex,  2.  At  a  place  in  Lat.  52^  13^  26^'  N,,  at  3h.  21m.  13.4s. 
P.M.  by  the  clock,  the  corrected  zenith  distance  of  tlie  sun's  cen- 
tre was  found  to  be  75*^  16'  15'%  when  his  declination  was  9*^ 
33^  SO""  S.     Retiuired  the  correction  of  the  clock. 

Ans»  The  true  hour  angle  was  3h.  21m.  32.7s, ;  hence  the 
clock  was  9.3s.  slow. 
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Ex.  a  On  the  4th  of  March,  1850,  at  13h.  16m.  45.12s.  by 

the  sidereal  clock j  the  zenitli  distance  of  a  Lyrsp  was  ob^Tved 
at  Greenwich  to  be  54'^  16'  14  \5S ;  it  is  required  to  deterraine 
the  error  of  the  clock,  supposing  the  star's  E.  A.  to  be  ISh.  31ni 
50.84s.,  and  its  decimation  38^  38'  39''.4  N, 

Ans.  The  clock  was  slow  19.64s. 
Ex,  4.  The  following  double  altitudes  of  the  sun's  tipper  hmh 
were  observed  August  29, 1849,  in  Lat  48^  17'  N, : 


Tlmea. 

PouNc  AltllUd«4, 

A.      m.     I. 
8    58    58 

78     7  45 

9     0  15 

78  27  10 

i)     1  14 

78  45  45 

9     3  10 

78  57  3tt 

9     3     5 

79  12  30 

9     4  39 

79  35  45 

9     0  54 

80  54  45 

9     6  41 

80     8  45 

9     7  37 

80  21  15 

9     8  25 

80  37  15 

It  is  required  to  determino  the  error  of  the  chronometer,  the 
sun's  declination  being  9^  16'  20''  N.,  and  his  semi-dianietcr 
15'  52".  Ana.  The  chronometer  was  slow  23m.  4.44s. 

The  most  favorable  op|KJrtunity  for  detcrminijig  the  time  from 
altitudes  of  the  sun  or  a  star  is  when  it  rises  or  falls  most  rajj* 
idly.  This  happens  when  the  sun  or  star  is  passing  tlio  prime 
vertical ;  that  is,  when  it  is  nearly  east  or  west.  The  sim^s  al- 
titude should  not  be  less  than  10  degrees,  on  accomit  of  the  ir- 
regular refraction  near  the  horizon.  In  general^  two  or  three 
hours  from  the  meridian  will  be  sufficient. 

(169.)  CoroUary.  By  the  same  method  we  may  com]>nte  the 
time  at  which  the  .sun's  upi>er  hmb  rises  or  sets,  when  allowance 
is  made  for  refraction.  The  effect  of  refraction  is  to  cause  the 
sun  to  appear  above  the  sensible  horizon  sixiner  in  the  morning 
and  later  in  the  afternoon  than  he  actually  is ;  and  when  the 
sun's  upper  limb  coincides  with  tho  horizon,  the  centre  is  about 
16'  below.  At  the  instant^  therefore,  of  sunrise  or  sunset,  his 
centre  is  90^  50'  from  the  zenith;  the  semi-diameter  being 
about  16',  and  tlie  horizontal  refraction  34'. 


Time. 
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Ex.  L  Required  tha  time  of  sunset  at  New  York,  Lat.  40^ 
42',  at  the  summer  solstice. 

sin.  (S-V)=a908141 
8in.(S-rf)=9.777444 

ooseo*V?= 0.1 20254 
oosec.rf= 0.0^74^2 


ip=  49^  m 
d=  66^32' 
z=  90°  50' 


8=103^^20' 
S^^=  36^48' 


2)  9.843331 


JP=  56^  36' sin.  =  9,921666 
P^113M2'==7h.33m. 

Hence  the  sun  sets  at  7h.  33m.  apparent  time ;  or,  adding 
Im.  for  equation  of  time,  we  have  7h.  34m.  mean  time. 

Ex.  2.  Required  the  mean  time  of  sunset  at  New  Orleans, 
Lat  29^  6S'  at  the  winter  solstice ;  mean  time  being  one  min- 
ute slow  of  apparent  time.  Ans.  5h.  5m. 

(170.)  The  preceding  methods  are  adapted  to  tlio  use  of  trav- 
elers and  navigators,  as  the  observations  may  all  be  made  \\ith 
a  sextant.  In  fixed  observatories  the  time  is  habitually  foimd 
by  a  transit  instrument,  which  ia  the  most  accurate  method 
known,  as  well  as  the  most  convenient. 

Fourth  Method. — To  determine  time  hy  the  transit  instru* 
mrnL 

The  instant  of  the  sun's  passing  the  meridian  is  the  time  of 
apparent  noon ;  and  hence,  if  wo  compare  the  sun's  passage  over 
the  meridian  with  a  chronometer,  we  shall  obtain  the  deviation 
of  the  chronomet^^r  from  apparent  solar  time.  If  to  this  we 
apply  the  equation  of  time  with  its  proper  sign,  we  shall  obtain 
the  error  of  the  chronometer  in  mean  time. 

Ex.  h  The  sun  was  observed  to  pass  the  meridian  at  llh, 
59m.  18*7s.  by  chronometer,  the  equation  of  time  being  +  13ni. 
22.5s.     Required  the  error  of  the  chronometer, 

Ans.    Om.  41.3s.  slow  for  apparent  time ; 
14m.    3.8s.  slow  for  mean  time. 

Ex.  2.  The  sun  was  observed  to  pass  the  meridian  at  1  Ih. 
fj6m.  12.21s.  by  chronometer  ;  tho  equation  of  time  being— 3m, 
56.263,     Required  the  error  of  the  chronometer. 

Ans.  3m.  47,79s.  slow  for  apparent  time ; 
Om.    8.47s.  fast  for  mean  time. 

In  a  fixed  observatory  it  is  most  convenient  for  ordinary  pur- 
poses to  employ  sidereal  time.     Tho  error  of  a  sidereal  clock  ot 
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chronometer  is  found  in  the  manner  already  explained,  except 
thftt  we  must  know  the  right  ascension  of  the  ohject  observed. 
The  right  ascension  of  the  sim  and  100  fixed  stars  is  given  for 
every  day  of  the  year,  in  both  the  English  and  American  Nau* 
tical  Almanacs;  and  the  right  ascension  of  1500  stars  is  given 
in  the  catalogue  at  the  close  of  this  volume, 

Mx,  3.  The  star  Rigel  was  observed  to  pass  the  meridian  of 
Greenwich,  February  6,  1851,  at  5h.  6m*  35.41s,  by  a  sidereal 
clock,  tiie  star's  right  ascension  being  5h.  7m.  22.97s.  Required 
the  error  of  the  clock.  Ans,  47.56s.  slow. 

Ex,  4.  The  sun's  centre  passed  the  meridian  of  Greenwich, 
May  15j  1851,  at  3h.  25m.  35.17s.  by  the  sidereal  clock,  tlic  sun's 
right  ascension  being  3h.  26in.  33.78s.  Required  the  error  of 
the  clock.  Ans.  58.6 Is.  slow. 

(171.)  The  error  of  the  clock  may  bo  deduced  from  the  tran* 
sit  of  any  star  whoso  right  ascension  is  known  ;  but  the  places 
of  all  stars  contained  in  the  catalogues  are  not  equally  well  de- 
termined ;  ami  it  is  obviously  proiier  that  the  stars  whose  places 
are  best  determined  should  be  preferred  for  this  purpose.  The 
l>laces  of  the  100  stars  in  the  Nautical  Almanac  are  considered 
to  bo  better  known  than  any  others.  At  the  Greenwich  Obser- 
vatory, the  error  of  the  clock  is  determined  exclusively  by  the 
Nautical  Almanac  stars ;  and  only  those  are  used  whose  decli- 
nation is  less  than  40  degrees. 

At  the  Oxford  Observatory,  the  stars  used  for  finding  the  clock 
error  are  chiefly  the  Nautical  Almanac  stars,  but  occasionally 
other  stars  are  employed. 

At  the  Edinburgh  Observatory,  only  Nautical  Almanac  stars 
are  used  for  determining  the  correction  of  the  cluck »  and  of  this 
list  only  those  are  employed  whose  places  are  considered  to  be 
best  determined. 

At  the  Washington  Observatory,  the  error  of  the  clock  is  deter- 
mined  from  observations  of  stars  of  the  American  Ephemeris, 
situated  within  40  degrees  of  the  equator. 


(172.)  The  latitndtj  of  a  place  is  equal  to  the  elevation  of  tho 
pole  above  the  horizon,  and  this  altitode  could  be  easily  detenn- 
ined  if  the  pole  wore  a  visible  point.  But  as  them  is  no  star 
exactly  at  the  pole,  its  position  must  be  determined  by  observa- 
tions of  stars  at  a  distance  from  it, 

FIRST    METHOD. 

By  transits  of  a  circumpolar  star  both  above  and  below 
the  pole. 

The  best  method  of  determining  the  latitude  of  a  pkoe,  so  as 
to  be  independent  of  the  declination  of  the  star  observed,  and 
also  as  free  as  [x^ssiblo  from  the  errors  of  refraction,  is  by  obser- 
vations of  a  circumpolar  star  at  the  time  of  its  upper  and  lower 
culminations.  These  observations  may  be  made  by  means  of 
a  mural  circle,  or  any  graduated  z 

circle. 

Let  HZPO  represent  a  meridian, 
HO  the  horizon  of  the  place  of  ob- 
servation, P  the  place  of  tho  pole, 
and  ABCD  the  circle  described  by   ^  ^ 

a  circumpolar  star  in  its  diurnal  motion.  The  elevation  of  the 
pole  PO  is  equal  to  half  the  sum  of  AO  and  CO,  corrected  for 
refraction. 

Lot  A  and  A^  represent  the  altitudes  of  a  circumpolar  star  at 
its  upper  and  lower  culminations  ;  also,  let  r  and  /  be  the  re- 
fractions corresponding  to  theae  altitudes  ;  then 

*^=ri(A  +  A'-r^r'), 
lx>th  altitudes  being  measured  from  tho  north  horizon. 

If  zenith  distances  instead  of  altitudes  are  obser^pd,  the  oo- 
latitude  will  be, 

The  refraction  is  derived  from  Table  VIIL 
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Examples.  The  following  observations  were  made  at  Green- 
wich Observatory : 
Polaris,  May  9,  1851. 

Observed  Altltade.  Reflraction.  Trae  Altitude. 

Lower cuhnmation,  60°   (y  8''A9-  48^^08=  49o69^2(K^41 
Upper  cuhnination,  62°  68^  38^^31-  42^M6=  52^  57-^  56-^M5 

Sum        =1020  67^6^^5(5 
Latitude  =  51^28'' 38^^2« 
6  UrssB  Minorib,  January  22,  1851. 

Lower  cuhnination,  48°   5'18'"'.60-  53^^80=  48°   4"  24^^80 
Upper  cuhnination,  54°  63^  33^^22-  42^^49=  54^52^50^^73 

Sum        =102°57a5^''.53 
Latitude  =  51°  28"  37^^.77 
p  Cephei,  March  17,  1847. 

Low.  cuhnination,  31^23"  32^^85-1"  35^^22=  31°  21"  57^^63 
Upp.  culmmation,  71°  35"36"".53-0"  19"^22= ^^1^3507^31 

Sum       =102o57a4"".9"4 
Latitude  =  51°  28"  37"".47 
a  Cephei,  March  17,  1847. 

Low.  culmmation,  23^27"   6"".03-2a3"".53=  23°  24"  52"".50 
Upp.  culmination,   79°  32"  33"".71  -  0"  10"".66  =  79Q32"23"".05 

Sum       =102o57"15"".55 
Latitude  =  5lo28"37"".77 
Capella,  June  14, 1837. 

Low.  culmination,    7^25'  0"".72-6"52"".78=     7^18"  7"".94 
Upp.  culmmation,  95^39"   2"".42+       5"".49=  95^39"   7"".91 

Sum       =102o57"15"".85 

Latitude  =  51°  28"  37"".92 

As  the  refraction  for  the  last  star  is  large,  the  result  of  that 

observation  is  less  reliable  than  the  others.     Those  stars  are  ac« 

oordingly  to  be  preferred  whose  polar  distance  is  the  least. 

SECOND   METHOD. 

(173.)  By  simple  meridian  alti' 
tildes. 

Let  PZH  represent  the  meridian 
of  the  place  of  observation,  HO  the 
horizon,  Z  the  zenith,  P  the  place  of 
the  pole,  EC^  the  equator,  S  or  S"  a 


Latitude. 


Fstar  on  the  meridian,  8E  or  8'E  its  decimation  (^),  SP  or  ST  its 
distance  from  the  polo  (W),  which  is  the  eomplement  of  6 ;  the 
arc  EH  is  tlie  complement  of  the  latitude  (<^)»  or  90^ —(;{». 
We  measure  the  altitude  (A)  of  the  object  S  or  S^,  or  its  zenitli 
distance  (Z),  and  correct  it  for  refraction  and  parallax,  if  the 
parallax  is  appreciable.     Then  it  is  evident  that 
EH  =  SH-SE=S'H  +  S'E, 
These  two  equations  are  inckided  in  the  same  expression  by 
regarding  the  declination  negative  when  it  is  south  of  the  equa- 
tor.    Thus, 

or  0=90^ +  d- A. 

But  Z^90^-A, 

Hence  i^^J-fZ, 

for  stars  which  culminate  south  of  the  zenith,  where  6  must  have 
the  negative  sign  when  the  declination  is  south. 

If  the  star  passes  the  meridian  between  the  north  pole  and 
the  zenith,  as,  for  example,  at  B,  then  we  shall  have 

PO^BO-BPj 
that  is, 

But  A-90O-Z,  and  d  =90Q-d. 

Hence  <p=:i—Z. 

If  the  star  passes  the  meridian  below  the  north  pole,  then  vm 
shall  have 

PO=^CO  +  PC; 
that  is,  ^=A+rf^l80^-^-Z, 

Hence  we  shall  have 

^=(J+Z  if  the  observations  be  made  to  the  south ; 

^=d— Z  if  to  the  north,  above  the  polo  j 

^=180^  — («5+Z)  if  to  the  north,  below  the  pole. 

The  following  observations  were  made  at  Greenwich  in  1851 : 


I 
1 


Stars  South  of  the  Zenith. 
February  10,  1851. 

ObMTved  Zenitii  Dim&nce,  Kcfractlon. 

Pollux 23^    5' 24^^05+     25^80  = 

Star's  declination  = 
Latitude 


True  ZetiUh  DLnaziM. 

23^    5"  49^^85 
28^  22'  47  ^70 


==     51^  28^  37-^55 
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July  10, 1851. 

Obaenred  Zenith  Dlftanee.     lUflraetion.  True  Zenith  DLttanee. 

Antares  .  .  .  .  77°  3(y  ir^54+4^  16^^48=     77°  34^  27^^02 

Star's  deoliiiation=  -26°    SMS'^^SO 
Latitude  =    61°  28'  38'''.52 

June  30,  1851. 

Sun.  Observed  zenith  distance  of  upper  limb,     27°  59^  39^^63 

semi-diameter,    +16M6'^05 

refraction,  +29^^49 

parallax,  -3'^93 

true  zenith  distance  of  centre  =     28°  15'  51''.14 

Sun's  declination  =  +23°  12'  47''.30 

Latitude  =     51°  28'  38".44 

The  method  of  computing  the  sun's  parallax  will  be  explained 

in  Article  206. 

Star  North  of  the  Zenith^  and  above  the  Pole. 
June  29,  1851. 

ObMPred  Zenith  Distance.   Refraction.  True  Zenith  Distance. 

a  UrsfiB  Majoris,      11°    4' 39".01  + 10^^96=     11°    4' 49."97 

Star's  decUnation  =  +62°  33' 26".69 
Latitude  =     51°  28'  36".72 

Star  below  the  Pole. 
January  27, 1851. 

Obsenred  Zenith  Distance.       RefVaction.  Trae  Zenith  Distance. 

0  Ursffi  Minoris,  53°  44'  24".60+l'  20'^69=:  53°  45'  45".29 

Star's  decUnation  =  74°  45'  37".79 
Sum  =128°  31'23".08 
Latitude  =  51°  28'  36"  .92 

THIRD   METHOD. 

(174.)  By  circum-meridian  altitudes. 

The  preceding  method  gives  but  one  value  of  the  latitude,  be- 
cause the  star  can  only  be  observed  at  the  instant  when  it  crosses 
the  meridian.  But  where  the  observer  is  furnished  with  an  al- 
titude and  azimuth  instrument,  a  repeating  circle  or  sextant,  we 
may  render  any  number  of  observations  made  on  each  side  of 
the  meridian,  and  at  a  short  distance  from  it,  equal  in  accuracy 
to  those  which  are  made  at  the  moment  of  culmination.     For 


this  purpose,  we  must  know  the  distance  (in  time)  of  the  star 
from  the  meridian  at  the  instant  of  each  observation  ^  and  we 
can  compute  the  correction  which  ought  to  be  apphed  to  the 
zenith  distance  observed. 

Let  P  be  the  jwle,  Z  tlie  zenith 
of  the  place  of  observation,  PZM  a 
meridian,  S  a  star  near  to  the  me- 
ridian, M  the  jx>int  where  this  star 
crosses  the  meridian,  and  PS  an 
hour  circle  passing  through  the  star. 
Snppose  the  zenith  distance,  ZS,  of  the  star  has  been  measured, 
and  corrected  for  refraction,  and  also  for  parallax,  when  the  sun 
or  a  planet  has  been  observed ;  it  is  required  to  compute  the 
zenith  distance,  ZM,  of  the  star  when  on  the  meridian.  Now 
from  tlie  figure  we  perceive  that 

PS=90^-cS, 
PZ  =  90^^(^, 
ZM  =  PM-PZ=:^-^(J=(ZK 
the  zenith  distance  of  the  star  on  the  meridian. 

With  Z  as  a  centre,  deseribe  the  arc  SN,  and  the  point  N  will 
he  at  the  same  altitude  as  8.  It  is  required  to  compute  MN^x, 
the  quantity  which  the  star  must  rise  from  Sj  before  it  reaches 
the  meridian. 

By  Trig.,  Art.  225, 

co3.  a =008.  b  COS.  c+sin.  b  sin.  c  cos.  A. 
But  COS.  A  =  1  -2  sin.  H  A.    Trig.,  Art  74. 

Hence 

COS.  a— COS-  b  COS.  c  +  sin.  b  sin.  c^2  sin.  b  sin,  c  sin.  ^JA, 
Also,  COS.  b  COS.  c+sin.  b  sin.  c=cos.  (i— c).     Trig.,  Art.  72. 
Hence  cos,  a=co»,  (^  — ^)  — 2  sin.  b  sin.  c  sin.  ^JA. 
Applying  tliis  formula  to  the  triangle  PZS,  and  representing^ 
the  angle  ZPS  by  P,  we  have 

cos.  ZS^cos.  (PS-PZ)^2  sin.  PZ  sin.  PS  sin.  ^T 

=oos.  Z  — 2  008.  (j>  COS.  6  sin.  ^iP (1) 

But  ZS=ZM+x. 

Hence 

COS.  ZS^cos.  ZM  COS.  x— sin.  ZM  sin.  x.     Trig,,  Art.  72. 
But,  since  x  is  supposed  to  be  a  small  arc,  we  may  put 
2:==  sin.  z* 
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and 

Henoe  we  obtain 


COS.  a?=l— — +,etc* 


Calciilus,  p.  174. 


COS.  ZS  =  oo8.  ZM(1— — +,  etc.)— X  sin*  ZM 

=oos.  Z  — ix^  COS.  Z—x  sin.  Z. 
Therefore  equation  (1)  becomes 
COS.  Z  —  ^x^  COS.  Z—x  sin.  Z=oos.  Z— 2  cos.  tp  cos.  ^  sin,  ^JP, 
or  ^x"  COS.  Z  +  a;  sin.  Z  =  2  cos.  0  cos.  rf  sin.  ^JP  .  .  (2) 

If  wo  neglect  the  term  containing  x^^  and  suppose  x  to  be  ex- 
pressed in  seconds,  we  shall  have 

__2  sin.  *iP  cos.  0  COS.  6 

^~        sin.  1^"  sin,  Z        ' 

which  forrniila  is  snfficiently  accurate,  when  tho  hour  angle  does 

not  exceed  ten  minutes.     If  a  further  approximation  is  required, 

it  may  be  obtained  as  follows : 

Divide  equation  (2)  by  sin,  Z,  and  we  obtain 

sin.  Z 
Represent  the  second  member  of  this  equation  by  B,  and 
\  cot.  Z  by  A,  then  z+ Az'= B, 

or  x— B  — Ax^ 

But  B  is  the  approximate  value  of  x  before  found ;  hence,  for 
a  second  approximation,  we  shall  have 

a:=B-^AB^; 
or,  supposing  x  to  be  expressed  in  seconds, 

2  sin.  ^^P  cos.  ^  cos.  6     /sin.  ^iP  cos.  0  cos.  S\ 


dV  2  cot.  Z 
"j   sin.  r^ 


sin,  V  sin,  Z  V  sin.  Z  y    sin.  1'     '  ^  ' 

which  is  the  correction  to  be  subtracted  from  tho  zenith  distan- 
ces observed  near  the  meridian,  for  an  upper  culmination,  in  or- 
der to  obtain  the  true  meridional  zenith  distance. 

'Ex.  1.  On  the  23d  of  February j  1850,  the  zenith  distance  of 
a  Orionis  was  obsen^ed  at  Greenwich,  20m.  26.25s.  before  com- 
ing to  the  meridian,  to  be  44°  18'  SO^^Slj  the  declination  of  the 
star  being  7^  22'  14'".74  N.  Required  the  reduction  to  the  me- 
ridian and  the  resulting  latitude. 

Hero  P  =  20m.  26.25s.;  therefore  iP==10m.  13.12&.,  which, 
reduced  to  arc,  is  2°  33'  16''.9. 


16^9=8.649071 

8.649071 

COS.  0, 51*^  28'  38"    =  9794366 

COS.  d,    7^  22'  15'^    =^9.996396 

cosec.z,44°    6' 23"'    ^0.157394 

m=7.246298 

2  oosec.  1"     =5.615455 

727'',37^  2.861753 

Therefore 

x^727"'.37-l' 

Hence  we  have 

Observed  zenith  distance  =44"^  18' 
Reduction  to  the  meridian  =  —12' 
Corrected  zenith  distance  =44°  6' 
Star*s  declination  =  7^  22' 

Latitude  =51°  28^ 

(175.)  To  diminish  the  labor  of  these  reductions,  Table  X.  has 

2  sin  ^iP 

been  computed,  in  which  Part  L  gives  the  value  of  — ,     „      ; 

sin.  1'^ 

and  the  argument  of  the  table  is  the  distance  (in  time)  of  the 

star  from  the  meridian.     This  value  (or  the  sum  of  those  values 

divided  by  the  number  of  observations,  if  more  than  one  observa- 

Part 


tion  has  been  made)  must  bo  multipHed  by  — "  f^    r^^   - 


sm. 


II.  of  the  table  contains  the  value  of 
f'cos.  0OOS,  6^^ 


sm. 


T^r-j  which  must  be 


.  ,    ,^    ,  ,      /cos.  0  008,  dV 

mult,phedby(^— ^^ 


cot  Z. 


sin.  1' 
This  second  oorreotion  may 


sm,  Z 

generally  be  omitted  when  the  distance  from  the  meridian  does 
not  exceed  ten  minutes. 

Ez.  2.  The  following  observations  of  Polaris  at  its  upper  cul- 
mination  were  made  at  Washington  Observatory,  November  25, 
1845,  the  altitude  of  die  star  having  been  observed  at  each  vert- 
ical wire  of  the  mural  circle.  In  the  following  table,  column 
first  shows  the  wire  at  which  the  observation  was  made,  colunm 
second  shows  the  hour  an^Ie  of  the  star  from  tho  meridian,  and 
column  third  shows  the  observed  zenith  distances  corrected  for 
error  of  runs: 


I 

I 
I 


a 


I 
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win. 

Hour  an^^liw. 

ZetLUh  Distimees. 

TalllB  X. 

1 

29  25!5 

49  35  27.92 

1697.65 

2 

19  34.5 

35    2.86 

751.95 

3 

9  49.5 

34  48.12 

189.50 

4 

0  13.5 

34  43.74 

0,10 

5      i 

9  33.5       1 

34  48.27 

179.35 

6 

19  13.5 

35    2.56 

725.25 

7 

29    0.5 

35  28.07 

1649,95 

Means    

49  35     3.07 

741. 9G 

Column  fourth  contains  the  numbers  from  Table  X.  corre- 
sponding to  the  hour  angles  in  column  second.  The  mean  of 
those  numbers  is  741".96.  The  redaction  to  the  meridian  is 
then  computed  as  follows : 

741'^96 =2.87038 

ooe,  0,  38^  53^  Sg^''^  9.891 15 

COS,  (J,  88^  29^  34^^  =  8.42000 

cosec.  2,  49°  35^  55^^^0.11832 

Reduction  =  19^^95:^ 


1.29985 

The  latitude  will  then  be  obtained  as  follows : 
Mean  of  observed  zenith  distances =49"^  35 
Reduction  to  the  meridian 
Refraction 

Corrected  zenith  distance 
Star's  declination 
Latitude 


=      + 


^07 
-19^95 
1'  ll^'.OS 


=  49^  35' 
=88°  29' 


54^20 
34  15 


=  38°  53-39^95 

(176.)  In  tlio  preceding  reductions  it  is  necessary  to  know  the 
distance  (in  time)  of  the  sun  or  star  from  tJie  meridian,  or  tlie 
hour  angles,  at  the  moment  of  each  observation.  These  hour 
angles  are  determined  by  the  chronometer ;  and  it  is  desirable 
that  its  motion  should  correspond  to  tliat  of  the  olject  observed  ; 
that  is,  if  the  sun  be  the  object,  the  chronometer  should  be  ad- 
justed to  mean  solar  time  ;  and  if  a  star  be  the  object,  the  chro- 
nometer should  be  adjusted  to  sidereal  time.  This,  however,  is 
not  necessary,  since  a  correction  may  be  readily  applied  so  as  to 
reduce  the  rate  either  from  mean  solar  to  sidereal,  or  from  si- 
dereal to  mean  solar  time.  A  further  correction  is  also  necessary 
in  all  eases  where  the  chronometer  hets  a  gaining  or  a  losing  rate 
on  either  mean  solar  or  sidereal  time.  This  correction  is  oi> 
tained  in  the  foUowins?  manner : 
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P.- 


If  the  clock  in  24  hours  loses  r  seconds,  then,  instead  of  86400 
beats  in  a  day,  it  will  make  only  86400  — r.  The  trae  value  of 
an  hour  angle,  P,  noted  by  such  a  clock,  is 

66400  /  r       \ 

'HMOO -  r'  "*'    y  ^  86400 -rj ' 
that  is,  the  observed  hour  angle  should  be  multiplied  by  the 
factor 

■^"•"86400-/ 

The  principal  term  of  formula  (3)  for  the  reduction  on  page 
142  contain.^  the  factor  sin.  "iP,  which  must  therefore  he  mul- 
tiplied by  tlia  square  of  tlie  above  factor,  which  is  nearly  equal  to 

1-^       ^'       . 

86400 --r 

If  the  clock  indicates  mean  solar  time,  and  we  are  observing  a 
star,  the  clock  loses  235.909s,  in  24  hours,  when  compared  with 
the  progress  of  the  star,  and  we  must  take  r— 235,909s,,  and  the 
precedmg  factor  becomes 

1.005476, 
and  its  logarithm  is 

0.0023715. 

In  a  similar  manner  we  obtain  the  correction  for  a  loss  or  gain 
of  1,  2,  3,  etc.,  seconds  per  day  of  the  chronometer.  This  cor- 
rection has  been  computed,  and  is  apjxjnded  to  Table  X.,  which 
gives  the  logaritlim  of  the  factor  to  be  employed  for  a  daily  rate 
of  the  clock  or  chronometer,  amounting  to  it  30  seconds.  These 
values  are  in  nil  cases  additive. 

Ex,  3.  On  the  18th  of  October,  1841,  near  the  River  St.  John's, 
in  latitude  about  46^  53'  30'",  the  following  observations  were 
made  on  the  star  a  Ceti,  declination  3°  28'  8'^2  N.  Column 
first  shows  the  number  of  the  observation,  column  second  shows 
the  hour  angle  of  the  star  from  tho  meridian,  and  column  third 
shows  tho  obser\^ed  altitude  corrected  for  the  error  of  the  sex- 
tant. The  chronometer  was  regulated  to  mean  solar  time,  and 
had  a  daily  losing  rat©  of  2.7s. 
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Obi. 

HourAnclM. 

AltitadM  alMarrcil. 

Tsbld  X.                       1 

P»n  [. 

Pan  11. 

0.41 
0.13 

0.01 
0.00 
0,00 
0.01 
0.03 
0.28 
0.72 

1 

2 
3 
4 
5 
6 
7 
8 
9 

U  30.0 

10  50.2 

5     0.0 

1  59.7 

2  3.0 
5     6.5 
7  21.7 

13     7.3 
16  40.1 

46  2S  45 
46  31  45 
46  34  35 
46  35  25 
46  35  30 
46  34  45 
46  33  50 
46  30    0 
46  26  35 

412,70 

230.54 

49.10 

7.77 

8.20 

51.25 

106.45 

337.97 

545.39 

Means 

46  33  21.1 

194.37 

0.18 

Column  fourth  contains  the  numbers  from  Part  I.,  Table  X,, 
corresponding  to  the  hour  angles  in  column  second.  Column 
fifth  contains  the  numbers  from  Part  IL,  Table  X,  The  reduc* 
tion  to  the  meridian  is  then  computed  as  follows ; 

COS.  0,  46^  53'  30^^  =  9.834662 

COS.  6,    3^  28'    8^^^9.999204 


wi^= 9,993 

cot  rr::  0.023 

0.18^9.255 
0.19  =  9.271 


ooseo.  z,  43^  25'  22 '::^  0162805 

m  =  9.996671 

194'^37= 2.288629 

On  account  of  mean  solar  time  =  0.002371 

On  account  of  rate  of  clock        =0.000027 

193^95  =  2.287698 

Therefore        z=  193'\95-  a'M9  =  193".76. 

Hence  wo  have  the  following  results : 

Observed  zenith  distance  =43^  27'  38".9 
Reduction  to  the  meridian  =  —3^  13''.8 
Refraction  =       +     55'^8 

Corrected  zenith  distance  =43<^  25'  20''.9 
Star's  declination  =  30  23^    8'^2 

Latitude  =46^  53'  29".l 

(177.)  When  the  sun  is  the  object  observed,  we  must  tek© 
\sxio  account  the  change  of  declination  during  the  interval  of  the 
observations ;  for  the  observed  altitude,  corrected  in  the  manner 
before  explained,  will  not  be  equal  to  the  meridian  altitude,  but 
will  differ  from  it  by  the  change  in  the  son's  declination.  Let 
the  change  of  the  sun's  declination  in  one  minute  of  time  bo  de- 
noted by  rfd,  which  is  jxjsitive  when  the  sun  is  approaching  tho 
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elevated  pole ;  and  if  P  is  the  sun's  hour  angle  at  the  time  of 
observation,  which  is  negative  before  the  sun  arrives  at  the  me- 
ridian and  afterward  positive,  the  whole  change  of  declination  is 
Prf(J,  which  is  the  correction  to  be  apphed  to  the  altitude  found 
by  Art.  176  to  obtain  the  true  meridian  altitude.  When  sev- 
eral observations  liave  been  made,  the  mean  of  the  vahies  found 
by  Art.  176  is  to  be  diminished  by  the  mean  of  the  values  of 
P^ij,  But  the  hour  angles  have  contrary  signs  on  opposite  sides 
of  the  meridian;  hence,  if  we  make  E=the  sum  of  the  hour 
angles  observed  on  the  east  side  of  the  meridian,  and  W  =  the 
smn  of  the  hour  angles  observed  on  the  west  side,  {E— W)£/(5 
will  be  the  correction  for  the  sum  of  the  observed  distances.  If 
we  make  ;^  =  the  number  of  the  observations,  the  mean  correction 
to  be  applied  to  the  mean  of  all  the  observed  zenith  distances 
will  be 

where  E  and  W  arc  expressed  in  minutes  of  time. 

Ex.  4.  At  a  station  in  Lat.  51"  32'  N.  nearly,  the  correct 
central  aUitucl€i3  of  the  sun  on  the  11th  of  March  were  determ- 
ined by  observation,  as  fallows : 


AlltlUtlem. 

Hour  Angles, 

Dj  T«Dlo  X. 

34  54  46 

9  41  E. 

184.1 

55  26 

8  19  E, 

135.8 

56     8 

6  39  E. 

86.8 

56  31 

5  16  E. 

54.5 

56  53 

3  49  E. 

28.6 

57     6 

2  47  E. 

15.2 

57  18 

0  19  W. 

0.2 

57  11 

2     5  W. 

8.5 

57     3 

3     9  W. 

19.6 

56  48 

4  36  W. 

41.5 

56  26 

6     8W. 

73.9 

The  sun's  meridian  declination  was  3°  3CK  38'^  S.,  and  it  was 
decreasing  at  the  rate  of  0"'. 9 8  in  a  minute.  What  was  the  true 
latitude  ? 

Entering  Table  X»  with  tlie  hour  angles  given  above,  we  ob- 
tain the  values  set  down  in  the  last  column,  the  sum  of  which, 
being  divided  by  11,  will  give  58^^96 ;  whence,  by  formula  (3), 
page  142,  we  obtain  tlio  reduction  to  the  meridian,  44^',7. 
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The  sum  of  the  ea.stem  hour  angles,  dimmished  by  the  sum 
of  the  western,  and  divided  by  11,  gives  Im.  50.3s,,  which,  mul- 
tipUed  by  0^^.98,  gives  l^'.S  for  the  correction  for  change  of  deo- 
hiiation. 

Hence  we  have  the  foUowhig  results : 

Mean  of  the  observed  altitudes         = 

Reduction  to  tlie  meridian  = 

Correction  for  change  of  declination = 

Concluded  meridian  altitude 

Zenith  distance 

Sun's  declination 

Latitude  =     51^32^    5'^  If. 


34^  66'  30' .5 
+  44^7 

4-1^^8 


= 

•Si" 

57 

17" 

.0 

= 

55° 

2' 

43" 

=  ■ 

-  3° 

30' 

38" 

FOURTH    METHOD. 

(178.)  Btf  a  sing'ie  aiiiiude,  the  time  of  observation  being 
known. 

Let  Z  be  the  zenith  of  the  ob- 
server, P  the  pole,  S  a  star  whose 
altitude  is  measured  at  a  known 
instant  of  time.  Then,  in  the 
spherical  triangle  ZPS,  we  have 
given  PS==90^-d,ZS  =  Z,andtho 
hour  angle  ZPS,  to  find  PZ. 

From  S  let  fall  the  perpendicular  SM  upon  PZ  produced. 
Then,  by  Napier's  rule,  we  shall  have 

R.  cos.  P  =  tang.  PM  cot.  PS  =  tang.  PM  tang,  J, 

Hence  tang.  PM=^  cos.  P  cot.  d (1) 

MZ  =  PM-PZ=PMH-0-9O^. 
Also,  Trig.,  Art.  216, 

COS.  PM  :  COS.  ZM  ::  cos.  PS :  cos.  ZS, 
cos.  PM  t  sin.  (PM  +  ^) ; :  sin.  S :  cos.  Z. 

*       /our  .    ^\      <^OS.  Z  COS,  PM 

Sin.  (PM+^)  =  ' 


or 


Hence 


sin.  d 


(2) 


Equation  (1)  furnishes  the  value  of  PM,  and  equation  (2) 
furnishes  the  value  of  PMh-<^.  The  difference  between  these 
quantities  is  <^,  the  latitude  required. 

Ex.  1.  At  Ih.  14m.  11,6s,  apparent  time,  the  true  altitude 
of  the  sun  was  33^  40'  35^^5,  and  his  declination  5^  15'  28'^0  S, 
Required  the  latitude  of  the  place* 
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=  9,976834 
=  1.036099;t 


By  equation  (1),  cos.  18^  32'  54^' 

cot.    5^  15'  28''  

PM^95^  32'  39^^tang,  =  1.012933» 

By  equation  (2), 

COS.  56'^  19"  24''^5:^ 9.743904 

cosec.  (J=L037930^ 
PM  + 0=144'^  13^  28^'  sin.  =  9.766869 
rM=  95^32^39'^ 
tf,=  48-^40^9'" 

Ex.  2.  At  a  place  in  Lat.  42^  34'  N.  nearly,  the  altitude  of 
Aldebaran  (Dec*  16^  12'  26'^  N.)  was  found  by  observation  to 
be  39^  2'  10",  when  its  hour  angle  was  3h.  25m.  40:^.  M'hat 
was  the  latitude  of  the  place  ?  Afts.  42^  34'  56  '. 

Ex.  3.  At  a  place  in  Lat,  41^  25'  nearly,  the  altitude  of  Eeg- 
ulus  (Deo.  12^  41'  18"  N.)  was  found  by  observation  to  be  4P 
5'  20 ',  when  ita  hour  angle  was  3h.  2ni.  21s.  What  was  the 
latitude  of  the  place  ?  Ans.  41<^  25'  47  ". 

Ex,  4.  On  the  27th  of  February,  1850,  the  zenith  distance  of 
Procyon  (Dec.  5^  36'  6''.7  N.)  was  observed  at  Greenwich  to  bo 
48^  48'  34'\06,  when  its  hour  angle  from  the  meridian  was  Ih. 
20m.  18.13s,  It  is  reiiuired  to  deduce  tho  latitude  from  this  ob- 
servation. Ans, 

This  method  is  deficient  in  accuracy  when  the  observations 
are  made  far  from  the  meridian,  because  a  small  error  in  tho 
hour  angle  produces  a  large  error  in  the  competed  value  of  the 
latitude.      The  observations  should,  therefore,  al-  z 

ways  be  made  as  near  as  possible  to  the  meridian, 

FIFTH    METHOD, 

(179.)  B^  observations  of  the  pole  star  at  any 
time  of  the  day. 

Let  P  be  the  polo,  Z  the  zenith^  ZPN  the  merid- 
iao  of  the  place  of  observation,  and  S  the  pole  star 
in  any  point  of  its  diurnal  circle,  ^BW.  Then  we 
shall  have  ZP  :=  90^  -^  0,  ZS  =  90^  -  H,  H  being  the 
observed  height  of  tlie  star  corrected  for  refraction. 
Represent  the  polar  distance^  P8,  by  rL  Since 
the  arc  d  is  at  present  less  than  9CK,  the  sides  ZP,  ^ 
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ZS,  differ  only  by  a  small  arc,  rr,  which  we  propose 
to  calculate. 

Let     ZP— ZS=:rc;  thatis,  H— 0=a:,  , 

or  0=H— a;. 

Represent  the  hour  angle  ZPS  by  P.     The  spher- 
ical triangle  ZPS  furnishes  by  Trig.,  Art.  225, 

cos.  ZS=cos.  PS  COS.  PZ+sin.  PS  sin.  PZ  cos.  P, 
'  or 

sin.  H = COS.  rf  sin.  (H — re) + sin.  rf  COS.  (H — re)  COS.  P. 
By  substituting  the  values  of  sin.  (H— x),  and 
COS.  (H— a;).  Trig.,  Art.  72,  and  dividing  the  whole 
equation  by  sin.  H,  we  obtain 
l=cos.  d  (cos.  a;— sin.  x  cot.  H) 

+sin.  d  (cos.  x  cot.  H+sin.  x)  cos.  P, 
l=cos.  x  (cos.  rf+sin.  d  cot.  H  cos.  P) 
—sin.  X  (cos.  d  cot.  H— sin.  d  cos.  P). 
Let  us  put 

a  =  cos.  rf-hsin.  d  cot.  H  cos.  P, 
i=cos.  d  cot.  H— sin.  d  cos.  P, 
and  we  have 

l=:a  COS.  x—b  sin.  x 

But  by  Calculus,  Art.  228, 

sm.  p=,j-^+-^-^-,  etc. 


(1) 


cos.y=l-^  +  |j-,etc. 


Therefore 


0=1+6?  cos.  P  cot.  H— —.—---  COS.  P  cot.  H+,  etc. 

<i        0 

(p  ^ 

6=oot.  K^d  COS.  P— "H"  ^^'  H+~  COS.  P+,  etc. 

«4  0 

Let  tis  now  assume 

x-Ad+B(P+Cd^+,eic (2) 

where  A,  B,  and  C  represent  unknown  coefficients  independent 
oid. 

Then  we  shall  have 

A^d^ 


COS.  x  =  l- 


-ABrf3+,  etc. 
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sin.  x=:Ad+B(P+(c~\p+j  etc. 

Sabstitating  in  equation  (1)  the  values  of  a,  6,  sin.  Xj  and 
COS.  rr,  arranging  the  terms  in  the  order  of  the  powers  of  d,  and 
retaining  all  the  terms  which  contain  the  first  three  powers  of  dj 
we  obtain 

l=l+cos.  P  cot.  H.rf— — — -;r  COS.  P  cot.  H 
2     6 


-A  cot  n.d+k  COS.  P.flP+f^  cot.  H+B6P  COS.  P 

-B  cot.  H.£p-/^C-:^cot.  ll.d?. 

Since  this  equation  must  be  verified  by  any  value  of  d^  the 
terms  involving  the  same  powers  of  d  must  cancel  each  other. 
Algebra,  Art.  300. 

Hence, 

First.    COS.  P  cot.  H— A  cot  H=0 ;  whence  A=cos.  P. 

Second.       -i-A.+A  cos.  P-B  cot  H=0. 

Therefore, 

cos.^P     ,     cos.»P-l        sin.^P 


BcotH=cos,T. 


2         ^  2 


Hence  B  = ^ —  tang.  H. 

6  2       ^2    V        6/ 

Whence,  substituting  the  value  of  A  already  found, 
3C=oos.  P-cos.  3p 
=cos.  P(l-cos. 'P) 
=cos.  P  sin.  «P. 
Therefore, 

C  =  ico8.  Psin.  2P. 

Substituting  these  values  in  equation  (2),  we  obtain 
x=rf  cos.  P-i  sin.  *P  tang.  H.rf*+i  cos.  P  sin.  Tdl 

In  order  that  x  and  d  may  be  expressed  in  seconds  of  arc,  we 
must  change  these  letters  into  x  sin.  V  and  d  sin.  V^ ;  whence 
we  have 
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^=H-.flf  COS.  P+i  sin.  V'  {d  sin.  P)*  tang.  H 

-Jsin.n'^(rfoos.P)(rf8in.  P)2 (3) 

The  last  term  of  this  equation  never  amounts  to  half  a  sec- 
ond, and  may  therefore  generally  be  omitted. 

Ex.  1.  The  altitude  of  the  pole  star  being  found  46°  IT  28^^ 
the  hour  angle  5h.  42m.  4.4s.  from  the  upper  culmination,  and 
the  polar  distance  1°  28^  7^^.68 ;  required  the  latitude  of  the 
plaee. 

Computation  by  formula  (3), 
rf=5287^^68 =3.72327  rf=3.7233       rfcos.  P=2.616 

ooe.  P,  85Q  31^  6^^=8.89287  8in.P=9.9987   (rf  sin.  P)2= 7.444 
413^^2=2.61614  3.7220     i  sin.n^^=8.894 

3.7220  0^M= 8.954 

tang.  H,  0.0196 
i  sin.  r^=4.3845 
70^^5=1.8481 

Result. 
Observed  altitude,  H = 46°  17^  28^^0 

first  correction,  =  —  6^  53^^2 
second  correction,  =  +1^  10^^.5 
third  correction,       =  —  O'M 

Latitude  =46°  11'  45^^2 
The  computation  may  also  be  performed  by  the  formulas  o7 
Art  178. 

COS.  P=  8.892874 

cot.  d=  8.408935 

PM=6'  53^^3  tang.  =  7.301809 

sin.  H=9.8590542 
COS.  PM= 9.9999991 
cosec.  d= 0.0001427 
PM+^=46o  18^  38'''.5= 9.8591960 
PM=  &  53^^3 

Latitude=46o  11^  45^2 
The  method  of  Art.  178  is  about  as  convenient  as  the  one 
here  explained,  except  that,  when  great  accuracy  is  demanded, 
the  former  method  requires  logarithms  to  seven  places. 

Ex.  2.  The  altitude  of  the  pole  star  being  43°  2'  38^''  when 
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the  hour  angle  was  76^  0'  2'^  from  the  upper  culmmation,  and 
its  Dec.  88^  31'  52'^32;  required  the  latitude  of  the  observer, 

Ans.  42=>  42'  18''.2. 
Ex.  3.  The  altitude  of  the  pole  star  being  found  39'^  V  39'', 
the  hour  angle  5h.  36m.  41s.  from  the  upper  culminationj  and 
the  polar  distance  1^  28'  7' .68 ;  required  the  latitude  of  the 
place.  Ahs.  38^  53'  36".2. 


SIXTH    METHOD. 

(180,)  Bt/  observing'  the  difference  of  the  meridional  zenith 
distances  of  imo  stars  on  opposite  sides  of  the  zenith. 

If  we  select  two  stars  whose  places  are  well  known,  one  of 
which  cu!minat43S  to  the  north,  and  the  other  to  the  south  of 
the  observer,  at  nearly  the  same  distances  from  the  zenith,  and 
within  a  short  interval  of  time,  and  measure  accurately  the 
difference  of  their  zenith  distances,  the  latitude  of  the  place  of 
observation  may  thence  be  easily  deduced.  If  we  represent  the 
zenith  distance  of  the  northern  star  by  Z^,  and  that  of  the  south- 
ern star  by  Z, ;  also  the  deeliuatioo  of  the  northern  star  by  (5p, 
and  that  of  tlia  southern  star  by  d.^  then,  by  Art.  173,  we  shall 
have 

^-=J,  +  Z,; 

Hence  2^=(y,+<5„  +  Z,«Zn ; 

that  isj  the  sum  of  the  declinations  of  the  two  stars  (which  are 
given  by  the  catalogue),  added  to  the  difference  of  their  zenith 
distances,  gives  twice  the  latitude  of  the  place, 

(181.)  The  instrument  employee!  in  measuring  the  diflerenoe 
of  the  zenith  distances  is  called  the  Zenith  Telescope.  The 
figure  on  the  next  page  represents  this  instrument  in  the  form 
nuw  used  in  the  coast  survey  of  the  United  States. 

A,  A  are  two  of  the  feet  screws  which  support  the  entire  in- 
strument, and  by  which  the  column  carrying  the  telescope  is 
rendered  truly  vertical. 

C,  C  is  the  horizontal  circle,  12  inches  in  diameter,  graduated 
to  10',  and  reading  to  10',  by  means  of  its  vernier  and  niicros- 
cope  V. 

B  is  the  tangent  screw  for  slow  motion. 

This  circle  serves  to  mark  the  position  of  the  meridian,  when 
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it  has  once  been  detennined,  and  likewise  enables  the  observer 
to  turn  the  telescope  promptly  through  180'^  in  azimuth. 

D  is  the  vertical  column  which  supports  the  telescope,  and 
about  which  the  telescope  turns  freely  in  azimuth, 

E  is  a  horizontal  axis,  to  one  end  of  which  is  attached  the 
telescope,  TT,  which  is  counterpoised  by  tlie  weight  W,  at  the 
other  end* 

This  axis  is  hollow,  and  tlirough  it  passes  the  light  of  the 
lamp,  H,  to  illumine  tlie  wires  of  the  telescope.  The  telescope 
has  a  focal  length  of  about  40  inchesj  and  an  aperture  of  3  inches. 

L  is  a  level  resting  ufion  the  horizontal  axis,  by  means  of 
\^'luch  the  column  D  is  rendered  truly  vertical 

M  is  a  graduated  semicircle  attached  to  the  telescope,  and 
having  a  vernier,  N,  with  a  microscope.  This  semicircle  serves 
as  a  finder  for  setting  the  telescope  to  tho  altitude  of  the  stars 
to  be  observed. 

S,  S  is  a  very  delicate  level  attached  to  tho  semicircle. 

P  is  the  paralltil  wire  micrometer  for  measuring  small  differ* 
ences  of  altitude,  having  three  fixed  vertical,  and  two  movable 
horizontal  wires, 

R  is  the  diagonal  eye-piece,  which  is  made  of  unusual  length, 
80  that  the  micromater  may  not  interfere  with  the  observations. 
The  eye-pieces  employed  have  a  field  of  view  of  from  10^  to  15^. 

(182.)  Method  of  Observation. — Select  a  pair  of  stars,  the 
difference  of  whose  zenith  distances  does  not  exceed  a  convenient 
range  of  the  micrometer,  say  ten  minutes,  one  of  which  culmi- 
nates to  tlio  north,  and  the  other  south  of  tho  zenitli.  Having 
leveled  the  instrument,  set  the  telescope  to  an  altitude  midway 
between  the  two  stars,  and  bring  the  bubble  of  the  level  S  to  the 
middle  of  its  scale.  Bring  the  telescope  into  tho  plane  of  the 
meridian  by  setting  the  vernier  of  the  horizontal  circle  to  the 
point  previously  determined.  As  tho  first  star  enters  the  field 
of  view,  follow  its  image  with  one  of  the  horizontal  wires,  and 
bisect  it  at  the  instant  it  crosses  tho  middle  vertical  wire.  Re- 
cord the  position  of  the  level  S,  noting  the  divisions  correspond* 
ing  to  each  extremity  of  the  bubble.  Turn  the  telescope  180^ 
in  azimuth,  being  careful  to  preserve  the  same  inclination  to  the 
horizon,  and  make  a  similar  observation  upon  the  second  star, 
bisecting  it  with  tho  other  horizontal  wire. 
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A  comparison  of  the  readings  of  the  two  micrometer  screws 
will  give  the  difference  of  zenith  distance  of  the  two  stars,  which 
must  be  corrected  by  the  readings  of  the  level,  if  the  readings 
at  each  extremity  are  not  the  same  in  both  cases ;  and  also  for 
the  difference  of  the  refractions  of  the  two  stars. 

The  stars  should  be  so  selected  that  their  zenith  distances 
may  be  as  small  as  practicable,  and  should  in  no  case  exceed 
25  degrees. 

The  following  observations,  made  at  Mount  Independenccj 
MainCj  one  of  the  coast  survey  stations,  September  25,  1849, 
will  illustrate  this  method.  The  pair  of  stars  employed  con- 
sisted of  Nos.  6983  and  6996  of  the  British  Association  cata- 
logue, whose  apparent  places  were 


No. 

Rlgtit  Aiic(3miioR. 

Declkiatjan, 

6983 
6996 

20  To  50'05 
20  12  48.19 

47  15  40.70 
40  16  19.21 

The  formula  for  latitude  is 

Here  d,+ 6^=87''  3V  SS'^Dl  j  Z.-Z„  was  found,  by  observa- 
tion,  equal  to  -50^^29.  Therefore  2(/»=87^  31^  9".62.  The 
observations  indicated  no  conection  for  level ;  and  the  correc- 
tion for  difterence  of  refraction  was  —  0''.02.  Hence  the  final 
latitude  is  43^  45'  34^^80. 

September  27th,  the  same  stars  were  again  observed,  when 
d.-htJ„  equaled  87^  32'  0^40;  Z,-Z,  was  found  equal  to 
— 49^^43,  The  correction  for  level  was  +0'''.90,  and  for  refrac- 
tion -0^^02,  from  which  we  deduce  the  latitude,  43^  4o'  35'^92. 

(183.)  This  method  of  determining  latitude  possesses  the  fol- 
lowing advantages :  1,  It  eliminates  almost  entirely  the  effect 
of  atmospheric  refraction,  since  we  only  require  the  difference 
of  refraction  of  the  two  stars.  With  a  zenith  distance  of  25  de- 
grees, and  a  difference  of  altitude  of  24^  between  the  two  stars, 
this  difference  of  refraction  does  not  exceed  half  a  second  of 
arc.  The  observations  are  generally  made  much  nearer  to  the 
zenith  than  25^,  and  the  difference  of  altitude  is  commonly  but 
a  few  minutes. 

2.  The  angnlar  measurements  reqnired  are  made  by  means 
of  a  micrometer,  so  that  there  is  no  occasion  for  a  large  gradu- 
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ated  circle,  the  semicircle  attached  to  the  telescope  being  used 
merely  as  a  finder; 

The  cliief  objection  to  this  method  is,  that  the  resulting  lati- 
tude is  allectetl  by  any  error  which  may  exist  in  the  assumed 
declinations  of  the  stars  employed,  and  we  are  generally  obliged 
to  make  our  selections  from  stars  whose  places  have  not  been 
determined  with  the  greatest  accuracy.  When  accurate  de% 
terminations  of  the  stars  employed  can  be  obtained  with  tho 
large  instruments  of  a  fixed  observatory,  this  objection  is  mostly 
obviated. 


SEVENTH    METHOD. 

(184.)  Bi/  observations  with  a  transit  instrument  in  the 
prime  vertical. 

Tixis  method  supposes  the  transit  instrument  to  be  placed 
with  its  supportij  north  and  south,  so  that  the  telescope,  when 
directed  toward  the  horizon^  (xiints  due  east  and  west.  We 
must  then  observe  the  passage  of  some  known  star  over  the 
same  wires  when  the  telescope  is  pointing  west.  From  these 
observations  w^e  may  determine  the  latitude  of  the  place,  or 
the  declination  of  the  star,  when  either  of  these  quantities  is 
known. 

Let  P  represent  the  polo  of  the  earth, 
Z  the  zenith  of  tho  observer,  EZW  the 
prime  vertical,  which  is  also  the  line  de- 
scribed in  the  heavens  by  the  transit; 
and  let  the  arc  SBS'  be  the  path  of  a  ^' 
star  which  culminates  a  little  south  of 
the  zenith.     Let  the  times  at  wliich  a  star  crosses  the  field  of 
the  transit  at  S  and  S^  be  noted ;  then  will  the  angle  SPS^,  which 
is  the  difference  of  those  times,  be  known.     Then,  in  the  right- 
angled  splierioal  triangle  PZS,  by  Napier's  rule, 
R.  COS.  ZPS  =  tang.  PZ  cot  P8. 

Put  ZPS=P=half  the  sidereal  interval  between  the  times 
of  east  and  wxst  transit ; 
d^90^  — PS=the  declination  of  the  star ; 
0:^9O«^— PZ-the  latitude  of  the  place. 

Then 

COS.  P =cot.  (p  tang.  6 ; 


^. 
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or 


tang.  6 


(1) 


which  is  the  same  as  given  in  Art.  148. 

Ex.  h  On  the  16th  of  December,  1844,  the  transit  of  a  Lyra 
over  the  prime  vertical  of  Cambridge  was  observed  at  16h.  34m. 
47*3s. ;  and  again  at  20h.  25m.  14.0s. ;  the  declinatioe  of  the 
star  being  SS"'  38'  42''.05.  Required  the  latitude  of  the  obser- 
vatory. 

Here  P  =  lh.  55m.  13.35s,  in  time,  or  28^*  48'  20".25  in  arc. 
tang.  <J,  38^  38'  42^^05:^9.9028601 
COS.  P,  28°  48'  2Q''.25^  9.9426327 
Latitude =42^^  22'  48".3  tang.  ^9,9602274 

Ex.  2.  On  the  4th  of  January,  1846,  the  transit  of  a  Lyne 
over  the  prime  vertical  of  Wasliington  was  observed  at  18h.  27m. 
0,353. ;  and  again  at  19h,  28m.  1,0s. ;  the  declination  of  the  stai 
being  38^  38'  42'^37.     Required  tlie  latitude  of  the  observatory. 

Here  P=Oh.  30m,  30.325s.  in  time,  or  7^  37'  34".87  in  arc. 
tang.  <J,  38°  38'  42".37= 9.90286 15 
C0S.P,   7^37'34".87:=a9%1414 
Latitude=38<^  53'  37'M  tang. -9.9067201 

(185.)  When  these  observations  are  made  for  the  determina- 
tion of  latitude,  it  is  best  to  select  a  star  which  culminates  but 
a  Uttle  south  of  the  zenith,  as  the  same  error  in  the  observations 
will  have  less  influence  upon  the  result.  The  transit  instrument 
may  be  brought  nearly  into  the  prime  vertical,  by  computing 
the  time  when  a  star  which  culminates  several  degrees  south 
of  the  zenith  will  pass  the  prime  vertical     The  formula 

cos.  P=cot.  <;f»tang,  S 
gives  the  hour  angle  between  the  meridian  and  the  time  of 
transit  over  the  prime  vertical.  The  right  ascension  of  the  star, 
miuus  the  hour  angle,  gives  the  time  of  the  east  transit ;  and 
the  right  ascension,  plus  the  hour  angle,  gives  the  time  of  west 
transit. 

(186.)  Wlien  the  instrument  is  brought  nearly  into  the  prima 
vertical,  the  error  in  azimuth  may  be  determined  as  follows: 
Half  the  sum  of  the  times  of  transit  over  the  east  and  west  ver- 
ticals, gives  the  time  of  transit  over  the  meridian  of  the  instru- 
ment. This  result  should  be  equal  to  the  right  ascension  of  the 
star,  corrected  for  the  error  of  the  olock.    If  the  t\vo  results  are 
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not  equal,  their  difference  shows  the  angle  which  the  meridian 
of  the  instrument  makes  with  tlie  true  meridian. 

If  the  plane  of  the  telescope  deviates  much  from  the  prime 
verticali  the  co-latitude  deduced  will 
be  sensibly  too  small.  fc?uppose  the 
axis  deviates  to  the  east  of  north,  and 
that  the  telescope  describes  a  verti* 
cat  circle,  passing  through  E  ZW'; 
then  will  PZ',  which  bisects  SS%  bo 
the  co-latitude  which  results  from 
the  above  formula. 

The  correction  for  this  deviation  may  be  computed  as  follows : 
Take  the  half  sum  of  tlie  timed  of  transit  over  the  east  and  west 
verticalsi  correct  it  for  the  error  of  the  clock,  and  subtract  the 
result  from  the  star's  right  ascension.  The  diOerence  will  be 
the  angle  ZPZ'.  Now,  from  the  right-angled  triangle  PZZ',  we 
have 

tang,  PZoos,  ZPZ'=:tang.  PZ'  =  tang.  PS  x  cos.  SPZS 


or 


tang»^= 


tang,  dx  COS.  ZFZ^ 


cos.  SPZ' 

The  angle  ZPZ'  is  the  sarao  for  all  stars,  and  it  is  better  to 
deduce  its  value  from  a  star  which  culminates  several  degrees 
south  of  the  zenith,  since  the  same  error  in  the  observations  will 
have  less  influence  upon  the  azimuth  deduced. 

(187.)  If  we  reverse  the  tolescoj3e  upon  its  supports,  any  error 
of  collimation  or  inequality  of  pivots  will  produce  exactly  a  con- 
trary effect  on  the  latitude.  Observations,  therefore,  of  two  stars 
on  the  same  day,  in  reversed  positions  of  the  telescope,  or  of  the 
same  star  on  following  days,  in  reversexl  positions  of  the  tele- 
scope, will  correct  each  other,  and  the  mean  will  give  the  true  lat- 
itude, if  the  declination  of  the  star  is  accurately  known.  This 
is  aim  of  the  best  methods  of  determining  the  latitude  with  a 
portable  instrument. 

In  the  equation 

COS.  P==coi  (p  tang,  d, 
either  <t>0T6  may  be  computed  when  the  other  quantity  is  known. 
Hence,  in  a  fixed  observatory,  when  the  latitude  is  well  de- 
termined, the  declinations  of  stars  may  be  determined  with  great 
precision  by  a  transit  instrument,  adjusted  to  the  prime  vertical. 
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But  to  accomplish  this  object  in  the  best  manner  requires  an 
instrumeot  of  a  {i€culiar  construction.  The  instrument  should 
admit  of  having  tlie  level  apphed  to  it  while  the  telescope  is  in 
the  position  of  observation,  and  it  shouH  also  admit  of  being  re- 
versed with  ease  and  rapidity*  The  figure  on  the  opposite  page 
represents  the  instrument  used  for  this  purpose  at  the  Washing- 
ton Observatory,  and  was  made  by  Pistor  and  Martins,  of  Berlin, 

(188.)  The  instrument  rests  on  a  block  of  granite,  MM,  6  feet 
5  inches  high,  3  feet  3  inches  from  east  to  west,  and  3  feet  7 
inches  from  north  to  south.  This  block  is  cut  so  as  to  form  two 
columns  4i  feet  high,  separated  by  a  cavity  which  contains  the 
reversing  apparatus. 

S  is  the  axis  of  the  instrument,  terminating  in  two  pivots, 
B,  Bj  3.6  inohes  in  diameter;  to  on©  of  which  is  attached  the 
telescope,  T,  to  the  other  the  cylinder,  U,  which  counterpoises 
the  telescope.  The  telescope  is  6^  feet  focal  lengtli,  and  4,8 
inches  clear  aperture. 

Y,  V  are  the  Y*s  which  support  the  axis,  and  C,  C  are  friction 
rollers,  with  grooves  for  relieving  the  Y's.  They  are  regulated 
by  the  counterpoises  W,  W,  all  of  which  are  carried  by  the  re- 
versing apparatus. 

The  axis,  8,  is  hollow,  and  contains  a  lever,  r,  one  end  of 
which  exi>ands  into  a  fork,  and  is  firmly  secured  at  x  to  each 
side  of  the  telescope  tube.  To  the  other  end  of  the  lever  is  at- 
tached the  countei-poise,  K,  which  transfers  the  weight  of  the 
telescope  to  that  part  of  the  pivot  which  rests  immediately  upon 
the  Y's.  A  simUar  counterpoise  is  placed  on  the  other  side,  to 
produce  the  same  etTect  Avith  reference  to  the  cylinder  U, 

Z  is  the  striding  level,  which  rests  permanently  upon  the  piv. 
ots  B,  B  during  the  observations ;  and  L  is  a  mirror  for  illumina- 
ting the  level  divisions  by  means  of  a  lamp.  The  level  tube  is 
protected  by  a  glass  case,  G^  and  there  is  a  cross  level  at  A. 

About  the  middle  of  the  axis,  at  rf,  is  a  clamp  for  slow  mo- 
tion of  the  telescope,  and  a  screw,  with  a  Hook's  joint,  at  E* 

The  reversing  apparatus,  P,  P,  turns  on  an  inverted  cone, 
working  in  the  hollow  cylinder,  R,  and  is  strengthened  by  the 
cross  iron  bars,  a,  a,  a,  which  are  supported  by  the  flat  iron  bars, 

H  is  a  crank  which  turns  a  cog-wheel  at  N,  which,  by  means 
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of  a  screw,  lifts  the  hollow  cylinder,  R,  and,  by  means  of  the 
forks,  /,  /,  lifts  the  horizontal  axis  until  ttie  pivots,  B,  B,  are 
sulficiently  high  to  clear  the  Y^s.  The  telescope  is  then  turned 
to  a  zenith  distance  of  about  45^,  and  is  revolved  to  the  other 
side  of  the  pier.  It  is  prevented  from  going  too  far  by  the  arm 
F,  which  is  so  adjusted  as  to  strike  the  pin  D,  when  the  tele- 
scope is  exactly  over  the  Y's. 

w  is  a  finding  circle  for  setting  the  telescope  upon  a  star. 

J  is  the  handle  of  a  screw,  which  moves  a  slide  at  0  for  reg- 
ulating the  illumination  of  the  wires* 

t  is  the  micrometer  head  and  screw  moving  the  micrometer 
wire. 

p  is  a  lever  which  carries  the  eye-pieoe  across  the  field. 

In  the  eye-piece  of  the  telescope  are  inscrtetl  two  horizontal 
and  parallel  threads,  distant  I''  from  each  other ;  and  also  15 
fixed  vertical  lines,  with  one  movable  one.  The  transits  over 
the  vertical  lines  are  designed  to  be  observed  midway  between 
the  two  horizontal  lines. 

(189.)  Mode  of  observation. 

Having  determined  the  error  of  level  of  the  axis,  direct  the 
telescope  to  a  star  while  it  is  yet  north  of  the  eastern  prime 
vertical,  and  observe  the  transit  of  the  star  over  each  of  the 
wires  preceding  the  middle  of  the  field ;  the  altitnde  of  the  tel- 
escope being  continually  changed,  so  that  the  oblique  transit  may 
be  observed  over  the  centre  of  each  wire.  When  the  star  has 
passed  the  wire  next  before  the  middle,  reverse  the  axis,  by 
which  means  the  telescope  will  bo  carried  to  the  opposite  side 
of  the  pier,  and  observe  the  passage  of  the  star,  now  on  the  south 
side  of  the  eastern  prime  vertical,  over  the  same  wires  as  before, 
but  in  the  oppasite  order.  Determine  again  the  error  of  level 
of  the  axis.  When  the  star  is  approaching  tlie  western  prime 
vertical  from  the  south,  the  instrument  being  still  in  its  second 
jiosition^  ascertain  again  the  error  of  level  of  the  axis.  Again 
observe  the  transit  of  the  star  over  the  first  seven  wires  preceding 
the  middle  of  the  fiel3 ;  reverse  the  instrument  to  its  first  j)osi- 
tion,  and  observe  the  transit  of  the  star,  now  on  the  north  side 
of  the  western  prime  vertical,  over  the  same  wires.  Finally, 
ascertain  the  error  of  level  of  the  axis  in  the  last  position. 

The  following  observations  were  made  by  Struve,  with  the 
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prime  vertical  transit  of  the  Ptdkova  Observatory.     The  nuro- 
bers  in  the  last  column  are  read  from  below,  upward. 

January  15,  1842.     o  Draoonis* 


EAST    VERTICAL* 

WB»T    VKRTICjH,. 

Telcacopc  S, 

Telescope  S. 

Wim. 

h.       m.          s. 

k.     m.         t. 

I. 

17  54  30.7 

19  42  51.4 

II. 

55     8.65 

42  13.65 

III. 

55  44.4 

41  38.0 

IV. 

56  22.25 

40  59.85 

V. 

57     0.6 

40  21.7 

VI. 

57  40.9 

39  41,4 

vu. 

17  58  19.5 

19  39    2.7 

1             Telcacope  N. 

Telescope  N. 

VIL 

18     1     4.0 

19  36  17.85 

VI. 

1  45.5 

35  37.0 

V. 

2  39.8 

34  52.35 

IV. 

3  13.7 

34     9.3 

III. 

3  57.6 

33  24.7 

U. 

4  39.8 

32  42.1 

I. 

18    5  26.35 

19  31  55.6 

Level  =  +  0".687 

Level  =  +  0".923 

(190.)  The  redoctioD  of  the  observations  is  made  as  follows, 
each  wire  being  treated  separately. 

Let  NE8W  represent  the  horizon, 
NS  the  meridian,  E  W  the  prime  vert- 
ical, P  the  [Kile,  and  A  the  place  of  the 
star  at  its  transit  over  one  of  the  ^vires 
of  the  telescojie.  Join  PA  and  NA 
by  arcs  of  great  circles.  The  projec- 
tion of  each  wire  on  the  sky  is  a  small 
circle,  whose  pole  is  the  north  pointj 
N,  of  the  horizon.  If  c  represent  the 
angular  distance  of  one  of  the  wires  from  the  line  of  collimatioD, 
90^— c  will  be  the  radius  NA  of  the  small  circle,  when  tlie  star 
is  seen  on  it,  north  of  the  prime  vertical,  and  90^ +  c  when  the 
8tar  is  south  of  the  prime  vertical. 

In  tlie  triangle  PNA,  by  Trig.,  Art*  225,  we  have 
cos.  NA=oos.  NP  cos.  PA + sin.  NP  sin.  PA  cos.  NPA. 

Let    0= NP  the  latitude  of  the  place ; 
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(J = 90^  —  PA  =  the  star's  decimation ; 

tf  r  =  the  hour  angles  SPA  from  tho  meridian,  at  the  two 

observations  over  the  ssame  wire,  in  the  direct  and 

reversed  positions  of  tho  axis. 

Then,  when  the  star  is  north  of  the  prime  vertical, 

COS.  (90°  — f;)  =  sin.  c  =  eos.  <p  sin.  d— sin.  <p  cos*  S  cos,  t , 

and,  when  the  star  is  south  of  the  prime  vertical, 

COS.  (QO'^  +  c)  —  —  sin,  c— oos»  <j>  sin.  J— sin.  ^  cos*  d  cos.  t\ 

Adding  these  tvvo  equations,  we  obtain 

0—2  sin.  J  cos.  1^  — COS.  6  sin.  tp  (cos.  Z  +  cos.  T), 

or,  Trig.,  Art.  75, 

^     ^  ^     COS.  ^+oos.r  V+t         t'-i     ,„. 

tang.  (J  cot.  0= ^ —COS.  —^  cos.  — ^.     (2.) 

This  formula  wdll  furnish  the  decUnation  when  the  latitude 
is  known,  or  the  latitude  when  the  declination  is  known.  The 
latitude  of  the  Piilkova  instrument  Ls  59 '^  46^  IS"",  t  represents 
half  the  interval  between  the  first  transit  east  and  the  second 
transit  west ;  and  t  is  half  the  interval  bet^^een  the  second  tran- 
sit east  and  the  first  transit  west, 

(191.)  The  following  is  Struve's  reduction  of  the  preceding 
observations,  a  correction  of  +  0.09s.  being  applied  to  the  inter* 
val  W.  — E.  for  rate  of  clock. 


Wtra  1.      1  Wire  11. 

Wire  HI.  1  Wirt!  IV, 

Wjre  V 

Wire  VI. 

wifft  vij, 

COS.  i(r+o 

CM.  W-t) 

tang.  ^ 
tang.  6 

km       r.    I  m.      «, 
1  4S  20.79  47    5.09 
1  26  29.34  28    2.39 
0  48  42.53  48  46.87 
0    6  27,86    4  45,67 

m,      #.    1 
45  53.69 
29  27.19 
48  50.22 
4    6.62 

44  37.69 

30  56.60 

48  53.60 

3  23,26 

wi.       a. 
43  21.19 
32  22  64 
48  55.96 
2  44.04 

m.     ,  f . 

42    0.59 

33  51.59 

48  68.05 

2    2,25 

m.       a. 
40  43.29 
35  13.04 
48  59  31 
1  22.33 

9.9901167 
90098766 
0.2345728 

0871 
9063 
6728 

0642 
9301 
6728 

0411 
0516 
57281 

0250 
9688 
6728 

0107 
9828 
6728 

0020 
9922 
6728 

0.2245660 
50  11  39''00 

5662 
39.04 

5671 
39.23 

5655 
3B.90 

5666 
39.12 

5663 
39.06 

5670 
39.21 

The  mean  error  of  level  of  the  instrument  may  be  applied  to 
(fty  or  we  may  apply  a  correction  to  the  declination  obtained  with 
a  constant  value  of  0.  If  the  inclination  of  the  axis  be  denoted 
by  I,  which  is  the  mean  of  the  two  inclinations,  telescope  N  and 
telescope  B,  then  *p  +  l  should  be  used  in  place  of  i/j,  in  formula 
(2),  Art  190.  Now,  by  formula  (1),  Art.  184,  we  have 
tang.  (5= tang,  tp  cos.  P. 

By  differentiating,  supposing  P  constant^  we  obtain 
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Hence 


il6  sec.  H=d^  sec.  ^0  cos.  P. 


,,      ,    aeo.  ^<fl  tamr,  d      ,     cos,  d  sm.  6 
sec.  ^d  taDg.  ^  008.  ^  sm.  ^ 


sin.  2d 
sin.  2<^' 


=  59^  11'  39  ^885 


sio.  2^ 

In  th<s  preceding  observations  the  mean  inclination  of  the  axis 
was  +O^^805. 

The  mean  value  of  6  =59°  11'  39  ^071 

Correction  for  inclination  of  axis  +0''^*814 

Observed  declinfttion 
(192.)  The  declination  thus  found 
is  not  correct,  unless  the  telescope  is 
truly  adjusted  to  the  prime  vertical. 
Suppose  there  is  an  error  in  the  azi- 
muth of  the  instrument  equal  to  a  or 
90^  -  PZZ ';  then,  in  the  triangle  PZZ^ 
tan-  p^<^Qt.PZZ-^tang.a 
^  cos,  PZ       sin.  ^  * 

If  the  error  in  azimuth  be  small,  we  may  assume 

a 


-t 


P^ 


sm.  ^ 

which  represents  the  angle  at  the  pole^  between  the  true  me- 
ridian and  the  meridian  of  tJie  instrument  The  instant  of  the 
star's  passage  over  the  meridian  of  the  instrument  is  equal  to  the 
half  sum  of  the  east  and  west  transits.  Thus,  in  the  preceding 
observation,  we  have 


Wim. 
I. 

Teleacopc  S. 

18b.  48m.  41.10s. 

Telescope  N. 

18h.  48m.  40.93s. 

II. 

41.15s. 

41.259. 

ni. 

41.208. 

41.07s. 

IV, 

41.05s. 

41,00s. 

V. 

41.15s. 

41.15s. 

VI. 

41.158. 

40.95s. 

VII. 

41.108. 

40.97s. 

Mean,  18h.  48m,  41.13s.  41.05s. 

Mean,  18h,  48m.  41.09s. 
The  instant  of  meridian  passage  requires  a  small  correction 
for  the  difference  of  inclinations  of  the  axis  in  the  two  verticals. 
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This  correction  in  ihe  present  case  amounts  to  —0.08s.;  and 

hence  the  true  time  of  meridian  passage  by  the  instrument  is 

18h.  48m.  41.01s. 

The  star's  right  ascension,  corrected  for  error  of  the  clock,  was 
18h.  48m.  41.86s. 

Hence  P=  —0.85s.  in  time,  is  the  angle  of  the  two  meridians. 

For  the  azimuth  of  the  axis  of  rotation,  reckoned  from  the 
south  round  by  the  west, 

a =15?  sin.  0,  in  arc. 

In  the  present  case, 

a=  — ll^^O,  in  arc. 

The  effect  of  this  small  azimuthal  error  upon  the  declination 
is  inappreciable. 

It  is  the  opinion  of  Struve  that,  with  this  instrument,  changes 
in  the  apparent  declination  of  zenith  stars,  amounting  to  a  small 
fraction  of  a  second,  may  be  detected.  This  instrument  may 
therefore  be  employed  to  determine  the  aberration  of  light,  and 
the  annual  parallax  of  zenith  stars.  The  bright  star  a  Lyree 
culminates  about  15^  south  of  the  zenith  of  Washington  Observa- 
tory, and  this  star  has  been  observed  by  Professor  Hubbard  with 
great  ceure,  for  the  purpose  of  determining  its  annual  parallax, 
which,  according  to  the  Pulkova  observations,  amounts  to  about 
0^^? 
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ECLIPTIC.  / 

(193.)  When  an  observer  has  obtained  the  latitude  of  his 
statioDj  he  is  prepared  with  an  astronomical  circle  to  determine 
the  apparent  declinations  of  the  heavenly  bodies,  For  the  eleva- 
tion of  the  equator,  EH,  is  the  com- 
plement of  PO,  the  elevation  of  the 
pole ;  and  if  from  SH,  the  altitude 
of  a  star^  we  subtract  EH,  the  ele- 
vation of  the  equatttr,  we  shall  ob- 
tain the   star's  declination.      This 

rule  will  hold  for  all  the  heavenly  bodies  at  their  upper  culmin- 
ation, if  we  measure  their  altitude  frrim  the  south  horizon.  Or, 
if  we  represent  the  latitude  by  (pf  and  the  zenith  distance  by 
Z,  when  a  body  cuhninates  south  of  tho  zenith,  we  have 

If  it  culminate  north  of  the  zenith,  and  above  tlie  pole, 

If  it  culminate  north  of  the  zenith,  and  below  the  pole, 

fl-18U^-(<^  +  Z). 
(194.)  If  the  declination  of  tlie  sun  be  observed  during  a 
whole  year,  whenever  it  passes  the  meridian,  upon  comparing 
the  results  it  will  be  found  that,  on  the  22d  of  Decern  her,  the 
declination  has  its  greatest  value  on  the  southern  side  of  the 
equator ;  that  it  diminishes  till  the  21st  of  March,  when  the 
declination  is  exactly  or  nearly  zero ;  and  that  it  afterward  in- 
creases on  the  northern  side  of  the  equator  till  June  21.  From 
this  time  the  dechnation  diminishes  till  the  23d  of  September, 
■  when  it  Is  again  zero,  and  increases  again  on  the  southern  side 

H  of  the  equator  till  the  22d  of  December* 

H  The  greatest  observed  northern  and  southern  declinations  of 

H  the  sun  constitute  approximate  values  of  the  angles  at  which 

H  the  plane  of  the  ecliptic  and  the  plane  of  the  equator  intersect 

H  each 

■L 


each  other ;  and  the  times  at  which  the  declinations  are  nearly 
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zero,  are  the  approximate  times  when  the  fsum,  in  ascending  and 
ilescending,  crosses  the  plane  of  the  earth's  equiitcr ;  but  as  the 
observations  are  only  made  at  the  instants  of  apparent  noon  at 
the  station,  it  is  not  probable  that  the  greatest  or  least  declination 
will  take  place  precisely  at  the  instant  of  observation  ;  and  there-* 
fore  a  computation  must  be  maiie  to  obtain  these  elements*  with 
sufficient  accuracy. 

Right  ascension  is  reckoned  from  the  vernal  equinox ;  and  a 
clock  regulated  to  exact  sidereal  time  should  indicate  Oh.  Ora.  Ck 
when  the  vernal  equinox  is  passing  the  meridian. 

Problem* 

(195.)  To  find  the  position  of  the  equinoctial  points. 
Observe  the  altitude  of  the  sun  when  on  the  meridian  upon 
the  day  which  precedes  and  the  day  wliich  follows  the  equinox. 
These  altitudes,  corrected  for  refraction  and  parallax,  will  fur- 
nish the  declinations  6  and  6%  one 
south  and  the  other  north.  Let 
T  represent  the  interval  between 
the  observations,  expressed  in  si- 
dereal time.  Let  A  be  the  place 
of  the  equinox,  BB'  the  equator,  SS'  the  ecliptic,  S  and  S'  the 
places  of  the  sun  on  two  successive  days,  one  preceding  and  the 
other  following  the  equinox ;  also,  let  BS  and  B'S'  be  the  ob- 
served declinations.  Then,  suppose  the  motion  in  declination 
and  right  ascension  to  be  uniform  at  this  tune,  as  they  are  very 
nearlvi  we  shall  have 

BSh-B'S^:BS::BB':BA, 
or       6+^^  :S ::  T— 24k  :  diff.  right  mc.  between  B  and  A. 

Ex.  1.  On  the  20th  of  March,  1851,  the  sun's  dechnation  at 
noon  was  observed  at  Greenwich  to  be  16'  33  ".29  S.»  and  March 
Slst  it  was  7'  7''M  N. ;  also  the  sidereal  interval  between  the 
observations  was  24h.  3m.  38.23s.  What  was  the  sun's  right 
ascension  at  noon,  March  21st? 

In  this  case  we  shall  liave  the  proportion 

W  33  ^29  +  r  7  ^54 :  r  7  ^54 ::  3m.  38.23s. :  65.67s. 
Therefore  the  sun's  right  ascension  at  noon,  March  21st, 
was 

Oh,  Im.  5.67s. 


I 
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Ex,  2.  On  the  22d  of  September,  185 Ij  at  noon,  the  sun's 
declination  observed  at  Greenwich  was  3'  51''.53  N.>  and  on  the 
23d  it  was  19'  SS^'^VB  S. ;  also  the  sidereal  interval  of  the  tran- 
sits was  24h.  3m*  36.13s,  What  w^as  the  sun's  right  ascension 
at  noon  J  September  23d  ? 

Ans,  12h.  3m.  0  52s. 

Ex,  3.  On  the  22d  of  September,  1846,  at  noon,  the  smi's 
deohnation,  observed  at  Washington,  was  17'  2''',80  N.,  and  on 
the  23d  it  was  6'  21'",5G  S. ;  also,  the  sidereal  interval  of  the 
transits  was  24h.  3m.  35.50s,  Wliat  was  the  sun's  right  ascen- 
8bn  at  the  second  observation  ? 

Arts,  ISh.  Om.  58.55s. 

(196,)  These  computations  should  be  made  both  for  March 
and  September,  when  tlie  sun  crosses  the  equator.  If  the  side- 
real clock  were  correct,  it  would  be  found  to  indicate  12  hours 
when  the  sun  is  on  the  meridian  at  the  autumnal  equinox ;  from 
which  we  infer  that  the  two  equinoctial  points  arc  distant  from 
on©  another  180  degrees.  If  now  we  observe  some  star  which 
passes  the  meridian  about  tJie  same  time  with  the  vernal  equi- 
nox (as,  for  example,  a  jVndromeda^),  it^  right  ascension  will  be 
known ;  and  having  settled  the  right  ascension  of  one  star,  the 
right  ascension  of  other  stars  may  thence  be  deduced.  Thus, 
taking  the  apparent  right  ascension  of  a  Andromedtc  on  January 
31, 1853,  to  be  Oh,  Ora,  46,10s.,  let  the  index  of  the  clock  be  set 
to  that  time  when  a  Andromeda;  is  on  the  meridional  wire  of  the 
transit  telescope.  The  clock,  if  it  goes  correctly,  will  denote  the 
right  ascension  of  other  stars  when  they  are  bisected  by  the  mo- 
ridional  wire.     Thus,  on  the  above  day, 

Aldebaran  passing  the  meridional  wire  at  4h,  27m,  29.19s, 

Capeila  "         ''  "  «     «  5k    5m.  50.26s, 

RIgel  "         «  "  "     '«  5h.    7m.  28.58s. 

Sirius  ''         "  "  *'     "  6h.  38m.  40,82s. 

tliese  times  would  be  the  apparent  right  ascensions  of  those 
stars.       * 

The  star  selected  by  any  astronomer  to  regulate  the  right  as* 
censions  of  other  stars  is  called  his  fundamental  star.  Dr.  Mas- 
kelyne,  at  the  Greenwich  Observatory,  employed  a  Aquihe  for 
this  purpose ;  while,  at  the  Washington  Observatory,  a  Androm- 
edffi  is  employed. 
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(197*)  When  a  number  of  stars  have  had  their  right  ascen- 
sions cleteriTiined  by  referrmg  them  to  some  fLmdamental  star, 
they  will  all  be  charged  with  tho  error  which  may  happen  to 
belong  to  this  star ;  and  it  is  an  object  of  the  utmost  importance 
to  ascertain  the  existence  and  quantity  of  such  error.  The  dif- 
ficulty liea  in  determining  accurately  the  position  of  the  first 
point  of  Aries,  from  which  the  right  ascensions  of  all  the  stars 
are  counted.  The  course  pursued,  therefore,  by  astronomers,  is 
first  to  find  the  sun's  right  ascensionj  by  comparing  the  transit 
of  his  centre  with  the  transit  of  the  fundamental  star,  or  with 
the  transits  of  several  principal  stars,  related  to  it  by  known  dif- 
ferences ;  and,  secondly,  to  compute  from  his  observed  declina- 
tion the  right  ascension  belonging  to  the  moment  of  the  meridian 
passage.  These  operations  should  be  performed  on  several  days, 
near  both  the  vernal  and  autunmal  equinox.  The  right  ascen- 
sions derived  itoxn  a  comparison  with  the  stars  should  agree 
with  those  derived  from  the  observed  declinations  of  the  sun. 
If  there  be  a  constant  difierence,  this  will  be  the  correction  to 
be  applied  to  the  assumed  right  ascension  of  the  fiindamental 
star.  The  sun*s  right  ascension  is  deduced  from  his  declination 
in  the  following  manner ; 

Let  AC  represent  a  part  of  the 
equator,  AD  a  part  of  the  ecliptic, 
and  A  be  the  first  point  of  Aries. 
♦Suppose  the  sue  to  be  at  S,  and 
draw  SB  perpendicular  to  AC ;  then 
AB  will  be  the  right  ascension  of  the  sun,  and  SB  his  declina- 
tion« 

But,  by  Napier's  rule, 

rad.  X  sin.  AB = ootang.  SAB  x  tang.  SB ; 
that  is, 

sin.  R.  A.=cotang.  obliquity  x  tang.  dec. 
Or,  representing  the  sun's  declination  by  J,  and  the  obliquity 
of  tho  ecliptic  by  w,  we  have 

sin.  R.  A* 


tang.  6 


tang.  £i> 

Ex.  h  The  following  observations  of  the  sun's  centre  were 
made  at  Greenwich  in  1851 : 


^ 


D«w. 

Sun's  R.  A.  obwrred. 

Sna*s  Bee.  otMerv«d. 

Sept.  15 

11  34  16.15 

2  47  0.18  N. 

16 

37  51.22 

2  23  50.70  N. 

21 

55  48.55 

0  27  15.35  N. 

32 

59  24.19 

0  3  51.53  N. 

23 

12  3  0.32 

0  19  33.76  S. 

It  is  required  to  find  the  mean  oorrection  of  the  right  ascen- 
sions, the  obliquity  of  the  ecliptic  being  23^  27'  2S'\15, 
The  computation  for  September  15  is  as  follows: 

tang.  «5,    2°  47'    0M8=^a6867922 
tang.c),  23°  27  28  15=9.6374270 
sin.  R.  A.,  Ilk  34m.  16.13:s.= 9.0493652 
The  observed  right  ascension  was  llh.  34m.  16,15s. 


Error  of  the  observed  R.  A.  -h  0.y:2s. 

In  the  same  way  the  2d  observation  gives  +  0.03s. 

"  '*  3d  **  "     —0.19s. 

"  "  4th        "  "     -0,24s. 

«*  "  5ih        "  "     ^  0.01s. 

The  mean  :=- 0.08s. 

That  is,  the  observed  right  ascensions  appear  to  be  too  small  by 

0.08s. 

Similar  observations  should  be  made  at  each  equinox  every 
year,  until  it  appears  that  no  further  correction  is  required. 

Ex,  2.  The  following  observations  of  the  sun's  centre  were 
made  at  Washington  in  1846 : 


twu. 

Son'.  R.  A. 

Sun'!  Il«. 

Sept.  16 

11  35  49.40 

+2  36  56.46 

21 

11  53  46.89 

+  0  40  29.52 

22 

11  57  22.79 

+  0  17  2.80 

23 

12  0  58.29 

-0  6  18.71 

25 

12  8  10.53 

-0  53  11.50 

28 

12  18  59.37 

-2  3  28.11 

It  is  required  to  find  the  mean  correction  of  the  right  ascen- 
sions, the  obliquity  of  the  ecliptic  bcmg  23°  27'  25'^88. 

Ans.  +  0,06s. 
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B      B' 


Problem. 

(198.)  To  find  the  obliquity  of  the  ecliptic. 
Observe  the  right  ascension  and  declination  of  the  sun  near 
one  of  the  soktiees.  If  the  sun  were  exactly  at  the  solstice  at 
one  of  the  observations,  the  observed  decHnation  would  he  the 
obUcjuity  required.  But  as  such  a  coincidence  can  seldom  liap- 
pen,  it  is  customary  to  take  observations  on  several  days  both 
before  and  after  the  solstice,  and  compute  the  reduction  to  tlie 
solstice*     This  may  be  done  in  the  following  manner : 

Let  AB  represent  the  equa* 
tor,  AS  the  ecliptic,  A  the  vernal 
equinox,  S  the  soktioe,  and  S' 
the  place  of  the  sun  near  the 
_  solstice.      Let  fait  the   perpen- 

^    dicular  S'B'  upon  the  equator. 
Thenj  by  Napier's  rule, 

E.  sin.  AB'==tang.  S'B'  cot.  BAS. 
Put  cJ=the  observed  decliriation  ;  A  — BB'  — 6h.— the  sun's 
right  ascension ;  (j  =  the  obliquity  of  the  ecliptic ;  and  x=the  re- 
quired correction  to  obtain  the  declination  at  the  solstice.     Then 
sin,  AB'— tang,  d  cot  u, 

,      tans.  6 
or  cosA=— ^ — . 

tang.  <aj 

By  Trig.,  Art.  76, 

^      tang.  eJ 

sin.  ((.)  —  eS)  _  tang,  o — tang.  6  _       tang,  w _  1  --  cos,  A 

sin,  (w+<J)~tang.  ct)-f  tang,  d^ ^     tang,  6     1  +  oos.  A 

tang,  (i* 

2  sin,  ^hh        rm   ^  A    ±     t^A 

=2^^U    ^"6.  Art.  74.  =tar.g. 
that  is, 


'ih; 


sin,  (cij— (5)  — tang,  ^h  sin.  ((J+<5). 
When  the  required  correction  is  small,  w^e  may  put  d-^S  for 
sin,  (tj— d),  and  dividing  by  sin,  V%  to  have  x  expressed  in  sec- 
onds, we  obtain 


X^^tii^^Sz 


tang.  ^^A  sin.  (w+<J) 


(1) 


sin,  V 

which  is  the  correction  in  seconds  to  be  added  to  the  observed 
declination,  to  obtain  the  obliquity. 


EOLIPTIC. 
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Ex.  t.  In  June,  1851,  the  following  o1)servations  were  made 
at  Greenwich : 

June  17.  Son's  E.  A.  5h.  40m.  59.17s. 


19. 
21. 
26. 
27. 
28. 
30. 


5 
5 
6 
6 
6 
6 


49 
67 
18 
22 
26 
35 


18.63 
37.76 
25.27 
34.12 
43,59 
1.20 


Deo.  23°  23 
'<  26 


7".57 
4  .87 
27  22  .56 
23  21  .25 
21  18  .59 
18  53  .14 
12  47  .16 


It  is  required  to  determine  the  obliquity  of  the  ecliptic. 
Assume  for  the  obliquity  the  greatest  observed  declination,  or 
23°  27'  22 '.56.     Then,  for  June  17th,  the  reduction  will  be  as 
follows : 

A=19m.  0.83s. =4°  45'  12".45;  JA=2°  22'  36".2. 
By  formula  (1), 

tang.  iA =8.618105 

8.618105 

sin.  46°  50'  30".13  =  9.863005 

oosec.  1" =5.314425 

Correction,  259".20 =2413640 

This  correction  being  added  to  the  observed  declination,  23° 
23'  7".57,  gives 

The  obliquity  of  the  eoUptic=23o  27'  26".77 
In  like  manner  the  2d  observation  gives  26  .80 

"         "  3d        •'  " 

"        ft  4th       "  " 

«        "  5th       "  " 

"        II  6th       "  " 

«  7th       "  «'  

The  moan  is  23°  27'  25  ".73 

j  (199.)  It  may  be  thought  that  this  method  involves  a  vicious 
principle,  inasmuch  as  it  requires  a  knowledge  of  u  to  enable 
us  to  find  the  value  of  u.  But  it  will  be  noticed  that  only  an 
approximate  knowledge  of  <j  is  required  to  furnish  a  very  accu- 
rate value  of  the  correction  x.  In  reducing  the  preceding  ob- 
^  servation  of  June  17,  an  error  of  one  minute  in  the  a.ssumed 
H     value  of  a  will  occasion  an  error  of  less  than  one  tenth  of  a  sec- 


26 

.59 

24 

.55 

23 

.78 

25 

.26 

26 

.39 
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This  is  but  one  example  of  a  very  common  case  in  astronomy, 
in  which  we  employ  an  approximate  value  of  an  unknown  quan- 
tity to  obtain  a  more  acoorate  determination. 

Ex.  2,  The  following  observations  were  made  at  Greenwich 
in  1850 : 


Juno  17.  Sun's  R.  A.  5h 

.41m.  59.36s.     Deo. 

23^  23'  29".  18 

"     18.            "        5 

40 

8.94          « 

25      7  .16 

•'    20.            •'        5 

54 

27.74          « 

27     0  .73 

"    21.            "        5 

68 

37.40 

27   23  .24 

"    22.            "        6 

2 

46.82          " 

27   17  .83' 

"    24.            "        6 

11 

5.83          « 

25  54  .95 

"    25.            "       6 

15 

14.88         « 

24  38  .84 

"    26.            "        6 

19 

24.40         « 

22  55  .04 

Required  the  obliquity  of  the 

ecliptic. 

Ans.  23' 

"  27'  23".88. 

t^x.  3.  The  foilowing  observatioii;^  were  made  at  Washington 

in  1846: 

Dec.  18.    Sun's  R.  A.  17h 

.  44ra 

.  37.21a.     Deo.  23°  24'  32".69 

«     21.              "         17 

57 

56.81         " 

27   20  .43 

"    22.              «        18 

2 

23.51         « 

27   19  .64 

'«     23.              "        18 

6 

50,17         " 

26  49  .82 

Required  the  obliquity  of  the 

ecliptic. 

j1»m.  23° 

27'  23"'.20. 

Problem. 

(200*)   To  find  the  iong-ilude  and  latitude  of  a  star,  when 
its  right  ascension  and  declination  are  knotmi. 

Let  P  represent  the  pole  of  the 
equator,  E  the  pole  of  the  eclip- 
tic, C  the  first  point  of  Aries, 
PSP''  an  hour  circle  passing 
through  the  star  S,  and  ESE^  a 
circle  of  latitude  passing  through 
the  same  star.  Then  AEBE' 
represents  the  solstitial  coture, 
EP  represents  the  obliquity  of 
the  echptio,  PS  the  polar  dis- 
tance of  the  star,  ES  its  co-lati- 
tude; SPB  is  the  complement  of  its  right  ascension,  and  BEB 
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is  the  complement  of  its  longitude.  Draw  SM  perpendicular 
to  PB.  Represent  PM  by  a  ,'  also  represent  the  longitude  of  th© 
star  S  by  L,  its  latitude  by  /,  and  the  obUquity  of  the  ecliptic 
by  &)* 

NoWj  by  Napier's  rule,  we  have 

R.  cos.  SPM^tang.  PM  cot  PS; 
that  is,  sin.  R.  A.  =  tang.  a  tang,  Dec, 

or  tang.  a=sin.  R.  A.  cot  Dec.    .  ,  ,  .  .  (A) 

Also,  EM^EP  +  PM^a+tj, 

Again,  Trig.,  Art.  216,  Cor.  3, 

sin.  EM :  sin.  PM ::  tang.  SPM :  tang.  SEM ; 
that  is, 

sin.  {a+Li):  sin.  a ::  cot.  R.  A. :  oot.  L ::  tang.  L  i  tang.  R.  A., 

T     tane.  R.A.  sin.  (a+w)  ,- . 

or  tant/.  L~ — ^ . v — : — i (1) 

"^  sin.  a  ^  ' 

Abo,  tang.  EM  cot  ES  =  R.  cos,  SEM  ; 

that  is,  tang.  /=cot  (a+w)  sin.  L    *.•/•.  (2) 

Also,  Trig.,  Art.  216, 

COS.  PM :  cos.  EM ::  cos.  PS : cos,  ES; 

..    ^  .  .      -    COS.  (fl-hcii)  sin.  Deo.  ,-.. 

that  IS,  Sin.  /=^_A_I — i , (3) 

cos,  a  ^ 

And  R,  cos,  SEP  =  tang.  EM  cot  ES ; 

that  is,  sin.  L=tang.  (a-f  w)  tang.  /    ......  (4) 

Ex,  1.  On  the  1st  of  January,  1851,  the  R,  A.  of  Capella  was 
5h.  5m.  42.038.,  and  its  Doc.  45°  50^  22''.4  N. ;  required  its  lati- 
tude and  longitude,  the  obliquity  of  the  ecliptic  being  23*^  27' 
25^^47. 

By  equation  (A), 

R.  A.  76^  25'  30''.45     sin.  =  9.9876948 
Dec.  45^  5(K  22 '.4       cot  ^9.9872707 
a=43Q  20' 58^31  tang,  =  979749655 
Q=23Q  27'  25".47 
a+*^=66^48'23''.78 

By  equation  (1), 

tang.  R.  A, =0.6171524 

sin.  (a  4- <«j)=- 9.9634009 

cosec.  g^  0.1633928 

L=79°  46'  40".93  tang.  =  0.7439461 
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By  equation  (2), 


cot  (rz+w)  =  9.6319144 
sin.  L=:  9.9930515 


i-22^  5V  48'M4  tang.  ==9.6249659 


By  equation  (3), 


COS.  (o  +  ca)  =  9.5953154 

sin.  Dec.  =  9.8557564 

sec.  a  =  ai_3835S3 

/=22o  51'  48M4  sin.  =.9.5894301 


By  equation  (4), 


tang,  (a-^-ui)^  0.3680S56 
tang. /,  =  9.6249659 


L  =  79o  46^  41  ^00  sin.  =  9.9930515 
Formulas  (3)  and  (4)  give  nearly  tlie  same  result  as  formu- 
las (1)  and  (2).     Formulas  (1)  and  (2)  arc,  however,  to  be  pre- 
ferred, because  the  tangents  vary  more  rapidly  than  the  sines, 
especially  near  90*^. 

Formulas  which  furnish  the  value  of  an  unknown  quantity 
by  means  of  its  tangent  or  cotangent,  are  generally  more  accu- 
rate tlian  those  which  furnish  it  by  means  of  its  sine  or  cosine. 
Ex,  2.  On  the  1st  of  January,  1851,  the  R.  A.  of  Regulus 
was  lOh.  Om.  25.87s.,  and  its  Dec.  12^  41'  32 '.7  N.  Required 
its  latitude  and  longitude,  the  obliquity  of  the  ecliptic  being  23^ 
27'  25^.47.  Ans,  Latitude,         0^  27'  35''.3  N. 

Longitude,  147^  45'  30''.3. 

Problem. 

(SOI.)  To  find  the  right  ascension  and  declination  of  a  star 

when  its  latitude  and  longitude 
are  known. 

Using  the  same  figure  as  in 
the  last  problem,  and  employing 
the  same  notation,  except  that 
we  represent  EM  by  a,  we  ob- 
tain 

tang,  E  M  cot.  E  S  =:  R.  cos.  SE M ; 
that  is, 

tang.  EM  =  tang,  a 
=  sin.  L  cot.  /  *  .  .  .  (A) 


Also, 


FM^EM-EP  =  a-w. 
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Again,  mn.  PM :  gin,  EM ::  tang.  SEM :  tang.  SPM ; 
that  U, 

I   sin.  (a— 6>) : ein*  a::  cot  L : coL  R*  A. tl tang*  E. A. ; tang.  L. 
Therefore,     tang.  R.A.^*"°g- ^.^-^^^^ (1) 
°                        Sin.  a  ^  ' 

Aiso,  tang.  PM  cot.  PS=R.  cos.  SPM ; 

that  is,  tang.  Dec— cot.  (a— 6j)  sin.  R.  A. (2) 

Also,  003.  EM :  cos.  PM : :  cos^  ES :  cos.  PS ; 

.,    .  .  .     ^         COS.  (a— £1))  sin.  I  ,^. 

that  IS,  sin*  Dec»=-— ^- {3) 

00s.  a  ^ 

And  R.  COS.  SPM=tang,  PM  cot  PS; 

that  is,  sin.  R.  A.  =  tang-  (a— tj)  tang,  Dec,  .  .  (4) 

Ex,  h  On  the  1st  of  January,  1851,  Ae  longitude  of  Cai>ella 
was  79^  46'  40^^93,  and  its  latitnde  22^  51'  48'M4  N. ;  required 
its  right  ascension  and  declination,  the  obliquity  of  the  ecliptic 
being  23°  27'  25 '.47. 
By  equation  (A),  sin.  L  =  9.9930515 

cot  /= 0.3750341 
a=mo  48'  23''.78  tang. =0.3680856 
6>^23^  27^  25^^47 
a-a)=43^  20^  58^31 
By  equation  (1), 

tang.  L  =  0.7439461 

sin.  (a- w)=  9.8366072 

coseo.  a -0.0365991 

R.  A.  76<^  25'  30^'.45  tang,  ^rOVe  171524 

By  equation  (2), 

cot  (a — w) = 0.0250345 
sin.  R>  A. =9.9876948 
Dec.  45^  50'  22".4  tang. =0.0127293 
By  equation  (3), 

sin.  /= 9.5894301 

008.  (£fr-ai) =9.8616417 
sec.  a= 0.4046846 
Deo.^45^  50'  22".4  sin. =9.8557664 
By  equation  (4), 

tang.  {a-cy)=9.9749655 
tang.  Deo>= 0.0127293 
R*  A.=76^  25'  30".4  sin. =9.9876948 
M 
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In  this  example  we  have  reproduced  the  results  of  Ex,  1  in 
the  preceding  problem.  Equations  (1)  and  (2)  are  to  be  pre- 
ferred to  equations  (3)  and  (4),  for  the  reason  given  in  the  pre- 
ceding Article. 

Ex.  2.  On  the  1st  of  Janoary,  1851,  the  longitude  of  Regu* 
lus  was  147°  45'  30'^3,  and  its  latitude  0^  27'  35^^3  N. ;  re- 
quired its  right  ascension  and  declination,  the  obliquity  of  the 
ecliptic  bemg  23^  27'  25  ^47, 

Ans,  Right  ascension,  lOh.  Om.  25,S7s. 
Declination,  12'^  41'  32'^7  N. 

Problem. 

(202,)  To  compute  the  longitude^  right  ascensiony  ami  dec- 
finaiion  of  ike  sun^  ant/  one  of  these  quaniitieSy  iogethtr  with 
the  obiiguity  of  the  ecliptic^  being  given. 

Let  EPQP'  represent  the  equi- 
noctial colure,  EMQ  the  equator, 
ESQ  the  ecliptic,  E  the  first  point 
of  Aries,  S  the  place  of  the  sun, 
PSP''  an  hour  circle  passing 
through  the  sun ;  then  EM  is  the 
sun's  right  ascension ,  SM  his  dec- 
lination j  ES  his  longitude  J  and 
MES  the  obliquity  of  the  ecliptic. 
Then,  in  the  triangle  ESM,  we 
^'  have 

tang.  ME  cot  SE^R.  cos.  E  ; 
that  is,  representing  the  obliquity  by  oi, 


M 


tang.  R.  A.=tang,  Long*  cos,  6) 


and 


tang.  Long. 


tang.  S-  A. 


cos,  tii 


Also, 


IS, 


that 
and 

Also, 
that  is, 

and 


R.  sin.  ME  =  tang.  MS  cot.  E  ; 
sin.  R.  A.^tang.  Dec.  cot.  w 
tang.  Deo.^sin.  R.  A.  tang,  w  *  *  . 
R.  sin.  MS = sin.  E  sin.  ES; 
Dec  — sin.  w  sin.  Long, 


sin. 


sm. 


Long. 


sm, 


Dec. 


sin.  (k) 


(1) 

(2) 


(3) 
(4) 

(5) 
(6) 


179 


JSCLTPTIC. 

Also,               R.  COS.  ES=cos.  ME  cos.  MS ; 
that  is,  COS.  Long.  — cos.  R.  A.  cos.  Dec (7) 

and  co8.R.A.=e?!i^ (8) 

COS.  Dec.  ^ 

Ex,  1.  On  the  1st  of  June,  1852,  at  Greenwich  mean  noon, 
the  sun's  right  ascension  was  4h.  38m,  O.SSs.,  and  his  declina- 
tion 22^  7'  13'^7  N. ;  required  his  longitude. 

By  formula  (7), 

cos,  R.  A.=69^  30'  13''.2^  9.5442510 

COS.  Deo. -9.9667958 

Longitude=71^  4'  20''.3  008.^9.5110468 

Ex,  2.  On  the  1st  of  January^  1852,  the  sub's  right  ascen- 
sion was  18h.  44m.  49.47s.,  and  his  declination  23^  3^  28'''.0  S. ; 
required  his  longitude. 

Am.  280^  18^  2".4. 

Ez*  3.  On  the  20th  of  May,  1852,  the  sun's  longitude  was 
69<>  33'  42'^5,  and  the  obUquity  of  the  ecliptic  23^  27'  29''.06 ; 

required  his  right  ascension  and  declination. 

By  formula  (1), 

tang.  Long.  =  0.2309234 
cos,  0)^9.9625359 
57<^  21'  32",94  tang.  =  0.1934593 
R.  A. =3h,  39m.  26.20s. 


By  formula  (5), 


sin.  Long. =9.9355960 
sin.  0=9.5999681 


Dec.  20^  4'  21''^96  sin.  =  9.5355641 

Ex,  4.  On  the  27th  of  October,  1852,  the  sun's  longitude  was 
214°  14'  45  '.2,  and  the  obliquity  of  the  ecliptic  23^  27'  30".69 ; 
required  his  right  ascension  and  declination. 

Ans,  Right  ascension,  14h.  7m.  56.39s. 
Declination,  12^  56'  43".l  S. 


CHAPTER  VIIL 

PARALLAX. 

(203.)  The  fixed  stars  are  so  distant  from  the  earth,  that 
their  relative  positions  are  seiusibly  the  same,  from  whatever 
point  of  the  earth's  surface  wo  may  view  them.  It  is  otherwise 
witli  tlie  sun,  moon,  and  planets,  which  are  near  enough  (es- 
pecially the  moon)  to  be  displaced  by  change  of  station  on  our 
glohe.  Two  spectators,  situated  on  diiferent  points  of  the  earth's 
surface,  and  viewing  the  moon  at  the  same  instant,  do  not  see 
it  in  the  same  direction.  In  order  that  astronomers  residing  at 
different  points  of  the  earth's  surface  may  be  able  to  compare 
their  observations,  it  is  necessary  to  take  account  of  this  effect 
of  the  difference  of  their  stations,  and  it  is  oonvenient  to  adopt 
some  centre  of  reference  common  to  all  the  world,  to  which  each 
astronomer  may  reduce  his  observations.  The  common  point 
of  reference  universally  agreed  upon  is  the  centre  of  the  earth ; 
and  the  difference  between  the  apparent  jxjsitions  of  a  heaven- 
ly body,  as  seen  from  the  surface  or  the  centre  of  the  earth,  is 
called  its  parallax. 

Problem. 
(204.)  To  find  the  parallax  of  the  moon^  etc,^  in  altitude. 
z  Jt£       Let  C  represent  the  centre  of  the 

earth,  A  the  place  of  the  observer  on 
its  surface,  M  the  moon,  and  CAZ  the 
direction  of  a  perpendicular  to  the  sur* 
face  at  A.  Then  will  the  moon  be 
seen  from  A  in  the  direction  AM,  and 
its  apparent  zenith  distance  will  be 
ZAM  ;  whereas,  if  seen  from  the  centre 
of  the  earth,  it  would  appear  in  the  di- 
rection CM,  with  an  angular  distance 
from  the  zenith  of  A  equal  to  ZCM ; 
so  that  ZAM— ZCM,  or  AMC,  is  the  parallax. 


Parallax. 
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Let  us  put  r= AC,  the  radius  of  the  earth ; 

R  =  CM,  the  moon's  distance  from  the  earth's  cen- 
tre; 
z=ZCMj  the  moon's  true  zenith  distance; 
s^^^ZAM,  the  moon's  apparent  zenith  distance; 
g= AMC,  the  moon's  parallax  In  altitude. 
In  the  triangle  ACM,  we  have 

CM  :  CA ::  sin.  CAM :  sin.  AMC, 

sin.  q=^  sm.  s/; 

that  is,  the  sine  of  the  parallax  in  altitude  ==-; — -^-.—i- 

Uistance  oi  body 

X  sine  of  the  apparent  zenith  distance. 

The  parallax,  therefore,  for  a  given  place^  and  a  given  distance 
of  the  body  observed,  is  proportional  to  the  sine  of  its  apparent 
zenith  distance^  and  is  tfierefore  the  greatest  when  the  body  is 
observed  in  the  act  of  rising  or  setting,  in  which  case  its  paral- 
lax is  called  its  horizontal  parallax. 

If  we  designate  by  p  the  horizontal  parallax,  we  shall  have, 
when  jr'^^  90^, 

r 
sin,i?=g. 

Hence  sin*  ^=siB- j?  sin,  :::' (1) 

that  is,  the  sine  of  ike  parallax  in  altitude  is  equal  to  the  sine 
of  the  horizontal  parallax,  into  the  sine  of  the  apparent  zenith 
distance, 

(205.)  This  formula  furnishes  the  parallax  when  the  apparent 
zenith  distance  is  known,  but  when  the  true  zenith  dmtanoe  is 
given  we  require  a  diiferent  formula,  which  is  obtained  as  fol- 
lows : 

The  angle  ZAM^ ACM  + AMC ;     * 

that  is,  z'=^z-i'q. 

Hence 
sin.  q^sm.p  sin,  {zi-q) 

=sin.  p  sin.  z  cos.  q+9m.poos,  z  sin,  q,  by  Trig.,  Art.  72, 

Dividing  each  member  by  cos.  17,  we  obtain 

tang.  f/=sin*  p  sin.  ;r-hsin*  p  cos.  z  tang*  q. 


Whence 


tang,  q- 


sm.  p  Bin,  z 
1— sin.  j»  cos,  z 


(2) 


182 


Peactical  Astronomy* 


which  formula  furnishes  the  parallax  in  altitude  when  the  true 
zenith  distance  is  known ;  but  the  expression  is  not  convenient 
for  computation  by  logarithms.  If  wo  divide  the  numerator  of 
this  expression  by  the  denominator,  we  shall  have 
tang.  r/=sin.  p  sin.  s +sin,  ^/?  sin,  z  cos,  2r+sin.  ^p  sin.  z  cos,  *2r+, 
etc. 
But  by  the  Calculus,  Art,  324,  Ex,  2, 


<7r^tang.  q- 


tang,  ^q 


3 


+  ,  etc. 


Hence 
^^sin,  p  sin. 


j  +  sin.  '^p  sin.  z  cos.  -^-fsm,  7?  sm.  z  cos. 


sin.  ^p  sin.  ^z 


f ,  etc. 


(A) 


But  by  Trig.,  Art.  73, 

sin.  z  cos* 


sin.  2s 


Also,  Trig.,  Art.  79, 

sin.  35r=4  ain.  z  cos.  '5?— sin, 
COS.  ^r— 1==— sin,  ^z. 


and 

Therefore 
that  is, 

or 


sm. 


cos,  ^r  — sin.  jt— —  sin. 


sin,  3r=3  sin,  z  cos.  ^^— sin.  '^z^ 
sin.  82 


-=:       Sm.  Z  COS. 


2-^. 


sm. 


3  3 

ThereforCj  by  substitution  in  equation  (A),  we  obtain 

,  sin.  ^o  sin.  2z  .  sin.  '^p  sin.  3^  ,       . 
g=8in.  psm.  jr+ ^- =H ^ — f-j  etc. 

If  we  wish  to  have  q  expressed  in  seconds,  we  must  divide  by 
sin.  1^',  and  we  shall  have 

sin.  p  sin,  z     sin,  ^p  sin.  2r     sin.  ^p  sin.  Zz 


g=- 


■+- 


-+- 


'  +  >etc.  .  (3) 


sin,  1''      '        sin.  2^^        '        sin.  3' 
which  furnishes  the  paraEax  in  terms  of  the  true  zenith  distance 
by  a  series  which  converges  rapidly, 

(206.)  The  parallax  of  the  son  and  planets  is  so  small,  that 
we  may  employ  the  more  convenient  formula, 

q=^p  sin,  z (4) 

without  sensible  error.  But  for  the  moon,  when  the  apparent 
zenith  distance  (as  affected  by  parallax)  is  known,  we  must  make 
use  of  formula  (1) ;  but  when  we  know  only  the  true  zenith  dis- 
tance, we  must  adopt  formula  (2)  or  (3). 
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Ex,  1.  If  the  horizontal  parallax  of  Venus  is  3C,  what  is  its 
parallax  for  an  altitude  of  30^  ? 

Solution.— By  formula  (4),  log.  30^^^1,4771 

sin.  60°  =  09375 
Ans.  26^^0=1.4146 
Ez,  2.  If  the  horizontal  parallax  of  Mars  is  lO'^j  what  is  its 
parallax  for  an  altitude  of  24^  ? 

Solution,  log.  lO'^  =  1 .0000 

sin.  66^^9,9607 
il»5.9M  =  0.9607 
In  this  manner  was  oompnted  Table  XV.,  showing  the  par- 
allax of  the  sun  and  planets  at  different  altitudes. 

Ex,  3.  If  the  horkontal  paraUax  of  the  sun  is  8'^, 6,  what  is 
its  paraUax  for  an  altitude  of  16^  ?  Ans.  8^^27. 

Ex.  4.  If  the  moon's  horizontal  parallax  is  60^  41".5,  what  is 
ter  parallax  when  her  apparent  zenitli  distance  is  80^  19'  19'^'  ? 
Solution,-— Ey  foiraula  (1),      sin.  60'  41'^5= 8,246833 

sin.  80'^  19'  19'^    z=r  9.993775 
Ans.  59^  49^''.67  sin.  =  87240608 
Ex,  5.  If  the  moon's  horizontal  parallax  is  60^  41'^5,  what 
Is  her  parallax  when  her  true  zenith  distance  is  79^  19^  29''.33  ? 
Solution.^— By  formula  (3), 

sin.  60^  41^^5=8.246833 
79^  19' 29^''.33= 9.992418 
coseo.  V' =5.314425 


sin. 


sm, 


59'  38'^29=3578''.29=3.653676 


sin.  ^^=6.4937 
158^  39^=9.5612 

cosec  2^^=5.0134 
+  11^70=1.0683 


Henca  59'  38^^,29+11'' 


sin.  ^i?=4.740 
sin.  237^  58'  =  9.928n 
oosec.  3^^  =  4,837 
-0^^32=9.505. 
.70-0^^.32=59'  49'^67  Am, 


(207.)  If  the  earth  were  a 
sphere,  a  plumb  line  suspended 
at  0  would  take  the  direction 
OC,  passing  through  C,  the  cen- 
tre of  the  sphere;  and  if  pro- 
duced upward,  it  would  meet  the 
heavens  in  Z.  This  line,  ZOC, 
would  also  be  perpendicular  to 


a* 


K    i 
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/ 


y 


ir^ 


the  tangent  line  TOT'.  But 
since  the  earth  is  a  spheroid,  the 
meridian,  PEP'Q,  is  an  ellipse, 
and  a  plumb  line  at  0  being  per- 
pendicular to  a  tangent  Une,  TT'j 
takes  the  direction  of  the  normal 
line,  ON;  and  NO  being  pro- 
duced, meets  the  celestial  sphere 
in  Z".  The  latitude  obtained  by  observation  will  be  expressed 
by  the  angle  Z'NQ.  This  is  caUed  the  apparent  or  geograph- 
iccU  latitude ;  while  Z  being  the  geocentric  zenith,  the  angle 
ZCQ  is  called  the  geocentric  latitude.  The  angle  CON  is  the 
angle  which  a  vertical  line  makes  with  the  radius  of  the  earth, 
and  is  called  the  angle  of  the  vertical . 

Problem. 

(208.)  To  find  the  angle  of  the  veriicaL 

Let  PEP^Q,  be  a  section  of  the  earth  by  a  plane  passing 
through  the  poles.  This  section  is  an  ellipse,  whose  semi-major 
axis,  CQ,  is  tJie  radius  of  the  equator,  and  whose  semi-minor 
axis,  CP,  is  half  the  polar  diameter.  If  0  be  the  position  of  an 
observer  whose  latitude  is  0,  TT%  a  tangent  te  the  ellipse  at  the 
point  O,  will  represent  a  horizontal  line^  and  Z^O,  which  is  per- 
pendicular to  TT'',  wiU  be  the  direction  of  a  plumb  line.  Rep- 
resent the  angle  OCQ,  or  the  geooentric  latitude,  by  0",  and 
draw  the  ordinate  OD.  Let  A  and  B  represent  the  semi-axes 
of  the  ellipse. 

B^ 
By  An.  Geora.,  Art.  80,  the  subnormal  'NI>=—^Xj  where  x 

A 

represents  the  abscissa  CD. 

But  OD=CD  tang.  OCD^ND  tang.  OND, 

B^ 


or 


that  is, 


X  tang.  1>'=-ri^  tang,  tp; 

"Da 

tang.  ^'=-^  tang.  0. 


.B* 


The  value  of -r^,  as  determined  by  Bessel,  is  0,9933254. 

Hx*  1.  Compute  the  geocentric  latitude  of  Cambridge  Ob- 
servatory, whose  geographical  latitude  is  42^^  22'  48'"'.6. 
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Solutiofi, 


log.  ^=9.99709164 


tang.  42^  22'  48^^6=9.96022854 
Ans.  42<^  ir  21^^05  tang.  =  9.9o732S[8 
Henoe  the  angle  of  the  vertical  is  11^  27'^55. 
Ez.  2.  Compute  the  angle  of  the  vertical  for  latitude  40"^  ? 


Solution, 


log. —=9.99709164 


B  tang.  400=9.92381353 

^  Ans.  390  48'  40^'.24  tang.  ^9^92090517 

Hence  the  angle  of  the  vertical  is  11^  19'^76. 
In  the  same  manner  was  computed  column  second  of  Table 
XII.j  shovring  the  angle  of  the  vertical  for  every  degree  of  lati^ 
tude. 


(209.)  The  horizontal  parallax  of  the  moon  is  the  angle  wliich 
the  earth's  radius  would  subtend  to  an  observer  at  the  moon. 
It  is,  therefore,  not  the  same  for  all  places  on  the  earth,  but 
varies  with  the  earth's  radius.  It  is  necessary,  therefore,  to 
compute  the  earth^s  radius  for  the  place  of  the  observer. 

PROBLEM- 

To  compute  the  radius  of  the  earth. 
Let  EPQ,  be  half  of  the  ellipse  formed 
by  a  section  of  the  earth  through  the 
poles.  On  EQ,  describe  a  semicircle, 
^and  produce  OD  to  meet  the  circum- 
ference in  I.  Join  CO  and  CL  Represent  the  angle  OCD  by 
tp\  and  the  radius  OC  by  r.  Then,  in  the  triangle  OCD,  we 
have 

CD  — OC  cos.  (f/^r  cos,  ^' ; 
OD  =  OC  sin*  ^'=r  sin.  <^'. 
Also,  by  Conic  Sections,  Ellipse,  Prop.  12,  Cor.  3, 

B:A::D0;DI=^''^'^^. 

CD^+DP=CP=A». 

f*  COS.  V+^.r*  sin.  y =A». 
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But,  by  Art.  308, 


Hence 


Practical  Asthonomy. 


A^_  tang>  0 


-tang.  0:^A^; 


tang,  0 
or,  moltiplying  by  cos.  0, 

r^  oos.  tf/  (COS.  0'  COS.  ^+siii,  <p'  sin.  0)=A^  cos,  0. 
Hence,  by  Trig,,  Art.  72, 

r^  COS.  0'  COS.  (0''— 0)=A^  COS.  0* 

Therefore  r^=         ^'"^'^       , (1) 

COS.  0    COS.  (0—0) 

£z,  1.  Compute  the  earth's  radius  for  Cambridge  Observato- 
ry, the  equatorial  radius  being  taken  as  unitj\ 

The  angle  of  the  vertical  was  found  in  the  preeeding  article. 
By  formula  (1),  cos.  0=9,8684615 

sec.  0^  =  0.1302220 

sec.  (0^-0) =00000024 

2)  9.9986859 

log.  r= 9.9993429 

Ez,  2.  Compute  the  earth's  radius  for  latitude  40^. 

oos.  40^^9.8842540 

'  sec.  39^  48'  40-.24= 0,1 145491 

sec,  11'  19^^76  =  00000024 

2)9.9988055 

l<^,  r^  09994027 

Phoblem. 
(210.)  To  find  the  horizontal  parallax  for  an^  place. 
Let  P  represent  the  horizontal  parallax  for  a  place  on  the 
equator,  p  the  same  for  a  place  in  any  other  latitude  \  let  r  and 
r"  be  the  radii  of  the  earth  for  the  two  stations ;  then,  by  Art. 
204,  R  sin.  P=r/ 

and,  for  the  same  reason, 

R.  sin.  j7=r'. 


Therefore, 


sin.  jti=—  sin,  P  ; 


or,  calling  the  equatorial  radius  unity, 
sin, /?=r'  sia  P. 
As  r'  is  nearly  equal  to  imity,  we  may,  without  appreciable 
error,  adopt  the  more  convenient  formula, 
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i>=r'.P; 
that  is,  the  moon's  horizontal  parallax  for  any  given  latitude  ia 

equal  to  the  horizontal  parallax  at  the  equator,  multiplied  by 
the  radius  of  the  earth  at  the  given  latitude,  the  radius  a^  the 
"  equator  being  considered  as  unity. 

Ex,  1.  When  the  equatorial  horizontal  parallax  va  53',  what 
is  the  horizontal  paraEax  for  Cambridge  Observatory  ? 
Solution.  53^  =  318(K^  =  3.502427 1 

f^  =  9^99342^ 
Am.  1M15''1^^2Milfm 
Ex,  2.  When  the  equatorial  horizontal  parallax  is  59^,  what 
b  the  horizontal  parallax  for  latitude  40^? 

Solution.  59^ = 354(y^  ^^  3.5490033 

r^  =  9.9994027 
Ans,  3535'M3= 3.5484060 
It  is  this  corrected  value  of  the  equatorial  parallax  which 
should  be  employed  in  all  computations  which  involve  the  par* 
allax  of  a  particular  place. 

Since  the  effect  of  parallax  is  confined  to  a  vertical  plane, 
when  the  moon  is  on  the  meridian  there  is  no  parallax  in  right 
ascension,  but  its  effect  is  wholly  on  the  declination.  In  every 
other  [K)sition  of  the  moon  (the  vertical  circle  passing  through 
the  moon  being  inclined  to  the  oircle  of  right  ascension),  par- 
allax affects  the  right  a^nsion  as  well  as  declination  of  the 
moon. 

Froblebc* 

(211.)   To  compute  the  parallax  in  right  ascension. 

Let  HZO  be  a  meridian, 
Z  the  geocentric  zenith  of  the 
place  of  observation,  and  P 
the  pole  of  the  equator.  Let 
A  be  the  true  place  of  the 
moon  seen  from  the  centre 
of  the  earth,  and  B  the  ap- 
parent place  seen  from  the 
surface ;  then  will  the  arc  AB  be  the  parallax  in  altitude ;  and 
the  true  hour  angle,  ZPA,  is  changed  by  paraUax  into  ZPB. 
Therefore  APB  is  the  parallax  in  right  ascension* 
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Let  us  represent  the  hori- 
zontal parallax  of  the  place 
by  p ;  the  parallax  in  right 
-dr    y^  \       ascension  by  n ;  the  hour  an- 

gle, ZPA  (which  is  equal  to 
the  sidereal  time,  fninus  the 
moon's  true  right  ascension), 
by  A  ;  the  moon's  decHnation 
(which  equals  90°— AP)  by  d;  and  the  geocentric  latitude  of 
the  place  of  observation  by  if/.  The  angle  ZPB  will  then  be 
equal  to  A +  11- 

In  the  spherical  triangle  ABP,  we  have 

sin.  AB  sin.  B 


sin.  AP : sin*  B ::  sin,  AB :  sin.  APE —sin,  n=- 
Abo,  in  the  gpherioal  triangle  BPZ,  we  have 


sin.  AP 


sin.  BZ :  sin.  BPZ ::  sin.  PZ ;  sin.  B= 


sin.  PZ  sin,  (APZ  +  nl 


sin.  BZ 

Therefore   sin.n=?5i^  .=^1^1^^^ 
sin,  AP  sm.  BZ 

But,  by  Art.  204, 

sin.  AB=sin.  p  sin*  BZ, 

sin.  p  sin.  BZ  sin.  PZ  sin«  (A+n) 


Hence    sin.  n 


Let  us  put 
Then 


sin.  AP  sin,  BZ 

_sin.  p  COS.  ^'  sin.  (A+n) 
COS.  6 
sin.  p  COS.  ^' 


a=- 


cos.  d 


sin,  n=a  sin.  (A  +  n)  *  - • (1) 

=a  sin.  A  cos,  Jl+a  cos,  A  sin,  n*     Trig,,  Art.  72, 
Divide  each  member  by  cos.  11,  and  we  have 

tang,  n=a  sin.  h  +  a  oos,  A  tang.  H, 

Therefore  tang.  n=^^^'^\ (2) 

^^  1-^a  COS.  A 

This  formula  may  be  developed  in  a  series,  as  in  Art.  205j  and 

W6  ahaU  obtain 

„    a  sin.  A  ,  a^  sin,  2A  ,  a^  sin.  3A  ,      .  ,«< 


sin.  1^ 


sin.  2^' 


sin,  3' 
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Equation  (1)  will  furnish  the  parallax  in  right  ascension j  when 
we  know  the  upparefU  hour  angle  (as  affected  by  parallax) ;  but 
when  we  know  only  the  true  hour  angloj  A,  we  must  employ 
equation  (2)  or  equation  (3).  ^ 

Ex,  1.  Find  the  moon's  parallax  in  right  ascension  for  the 
High  School  Observatory,  Philadelphia,  Lat.  39^  57^  7''  N.,  whan 
the  horizontal  parallax  of  tlie  place  is  59'  36'^8,  the  moon's  Dec. 
240  5^  11  ^^6  N.,  and  the  moon^s  hour  angle  61*^  10'  4T\4. 

The  geocentric  latitude  of  the  place  is  39^*  45'  47'^5. 

By  formula  (3), 


sin.;? =8.239048 

cos.  i^'"  9.885754 

sec.  d=0.039563 


a^=4.493 


a=8.164365 

sin*  A  =  9.942572 

ooaec.  ^'=5^314425 

2688^53=3.421362 

Hence 

n =2638^53 +  18 


sm. 


a^=6.3287 

2A==  9.9267 
cosec.  2'' =r  5.0134 
+  18^57=1.2688       -0^'.01^ai2iS 


sin.  3A= 8.791/1 
cosec.  3 '==4.837 


'.09. 


57-(F^01=44a7 

Therefore  the  moon's  apparent  hour  angle  is 
61°  10'  47"'4+44'  17M 
=  61°  55'    4 '.5. 
With  this  hour  angle  the  parallax  may  be  computed  by  form- 
ula (1 ),  thus  I  a = 8.1 64365 

sin.  (A+n)=9.945604 
Ans,  sin.  44'  17'^09= 8.109969 

Ex.  2,  Find  the  moon's  parallax  in  right  ascension  for  the 
High  School  Observatory,  Philadelphiaj  when  the  horizontal  par- 
allax of  the  place  is  57''  7^'.5,  the  moon's  Dec.  26^  23'  3'^6  N., 
and  hour  angle  32°  39^  49" .5. 

Soiutwn, 

Bin.  p. =8:220532 

COS.  ^'=9,885754 
sec.  d= 0.047773 


a=8.154059 

sin.  A  ^9.732158 

cosea  1'^= 5.314425 

1587'.24=3.200642 


a^= 6.3081 

sin,  2A= 9.9584 

cosec.  2 '=5.0134 

19".05=i:2799 


a^=4A62 

sin,  3A= 9.996 

cosec.  3" =4.837 

0^.20=9.295 
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Hence  n=  1587'^24+ 19^^05 +0"'.20^  26'  46''.49. 

Therefore  the  moon's  appareot  hour  angle  is  33^  6'  36^^,0. 

By  formula  Uh  a= 8154059 

sin.  (A+n)^9.737390 
Ans.  sio,  26'  46^^49  ^7,89 1449 

Ex.  3.  Find  the  moon*s  parallax  in  right  ascension  for  West- 
ern Reserve  College,  Ohio,  Lat  41^  14'  42'^,  when  the  horizon- 
tal parallax  of  the  place  is  59'  36''.5 ;  the  moon's  Dec.  24^  4' 
41'^7  N.,  and  hour  angle  68°  9'  51''.9.  Ans.  45'  56''.5. 

Ex.  4»  Find  the  moon's  parallax  in  right  ascension  for  West- 
ern Reserve  College,  Ohio,  when  the  horizontal  parallax  of  the 
place  is  57'  7".7 ;  the  moon's  Deo.  26°  24'  31".5  N.,  and  hour 
angle  23^  13'  12".a  Ans.  19'  12 '.6. 

In  this  manner  was  computed  Table  X  VL,  showing  the  moon's 
parallax  in  right  ascension  for  Cambridge  Observatory  for  all 
hour  angles  from  the  meridian  to  the  horizon. 

Problem. 

(212.)  To  compute  the  moon's  parallax  in  declination. 

Let  Z  be  the  geocentric  ze- 
nith of  the  place  of  observa- 
tion j  P  the  pole  of  the  equa- 
tor, A  the  true  place  of  the 
moon,  and  B   its    apparent 
place ;  then  AB  is  the  paral- 
lax in  altitude,  and  BP— AP 
is  the  parallax  in  declination- 
Represent  the  true  declination,  zenith  distance,  and  hour  an- 
gle of  the  mo€n  by  d,  Z,  and  h  ;  and  the  apparent  values  of  the 
same  quantities  by  the  same  letters  accented,  6%  Z',  and  A'. 
Also,  let  TT  represent  the  parallax  in  decUnation. 
By  Trig.,  Art.  225,  we  have 

.       COS.  a— 009.  ft  009*  c 

cos.  A=- —    .     , — -, '. 

sm.  o  sm.  c 

This  formula,  applied  successively  to  the  triangles  APZ  and 

BPZ,  gives 

COB.  AP — COS.  PZ  cos,  AZ    cos.  BP  —  cos.  PZ  cos.  BZ 


cos.AZP=- 


sin.  PZ  sin.  AZ 


sin.  PZ  sin,  BZ 


Therefore 

sin.  d—Bim  ^'  cos*  Z 


sin,  d''— sin.  tp'  cos.  Z\ 


sin.  Z  sin.  Z^ 

that  Ls, 

sin.  <J  sm.  Z'— sin.  <p^  sin.  Z'  cos.  Z— sin.  6'  sin.  Z 

—  sin.  <(i'  sin*  Z  cos.  Z', 
or 

sin,  6  sin.  Z'  — sin.  ^'  (sin.  Z"  cos.  Z— sin.  Z  cos.  Z')  —  sin.  d^  sin.  Z. 
But  by  Trig.j  Art.  72^  the  factor  included  within  the  paren- 
thesis is  equal  to  sin.  {Z'  — Z),  which,  by  Art.  204,  is  equal  to 
sin.  ^,  or  sin.  p  sin.  Z'. 
Therefore 

sin.  6  sin.  Z'— sin.  p  sin.  ^'  sin.  Z'=sin.  tf  sin.  Z, 
or  sin.  6'  sin.  Z=sin.  Z'  (sin.  d— sin.  p  sin.  tp')  .  ,  (A) 

Now,  in  order  to  eliminate  Z^  and  Z,  we  have,  in  the  spherical 
triangles  AZP  and  BZP, 

sin.  AP  sin.  APZ     sin.  BP  sin-  BPZ 


sin.  AZP=' 


sin.  AZ 


sin.  BZ 


There/ore 


ain.  BP  sin.  AZ  = 


COS.  (5'  sin.  Z  — 


sin.  BZ  sin.  AP  sin.  APZ 


sin.  BPZ 
sin.  Z'  COS.  6  sin«  h 
sin.  k^ 


(B) 


Dividing  equation  (A)  by  equation  (B),  we  obtain 

,,    sin.  *J— sin.  p  sin.  6"    .     ,, 
tang,  <5'= -, — ,— ^ — i — ^.sm.  A'. 

sm.  h  cos.  o 


XT  /i 

Hence  tang.  6'^\ 

V 


sin.  <f    sin.  p  sin.  ^'\sin.  A' 


COS.  d  COS.  <5      J  sin,  A 

ain.  »  sin.  d)'\sin.  A'  ^ 
sm.  0       /sm.  A 


(1) 


(213.)  Forranla  (1)  furnishes  the  apparent  declination  in  terms 
of  the  true  declination,  the  true  hour  angle  and  the  apparent 
hour  angle,  which  is  obtained  by  the  preceding  problem.  It  is 
the  simplest  formula  known  for  the  parallax  in  declination ;  but 
in  order  to  obtain  aU  the  accuracy  which  is  required  in  many 
computations,  it  is  necessary  to  have  a  table  of  sines  and  tan- 
gents to  seven  decimal  places  for  every  second  of  the  quadrant. 
It  is,  therefore,  sometimes  more  convenient  to  have  a  formula 
which  shall  furnish  the  parallax  directly. 
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From  the  last  equation  but  one  we  have 

tang.  6'  sin.  A     .         .    sin.  »  sin.  6^ 
-=^t — ^^ =tang.  i ^     .  ^, 

SUL  hf  008.  6 

,  .    ,         ,    tang.  6'  sin.  A    sin. »  sin.  6^ 

whenoe         tang.  <J ^^ — r- — = — ^ — —2-, 

^  sm.  A^  cos.  <5      * 

or 
But   tang,  d-tang.  6'=  "°-  j*^~*^2-    Trig.,  Art.  76. 

COS.  O  COS.  O 

Therefore 

sin.  W— cJ'')     sin.  p  sin.  6^    tang,  d^ ,  .     ,,      .     ,v 
i L= £1^ 11 2 —  (gm.  A'— am.  A). 

COS.  6  COS.  d'  COS.  6  sin.  A^  ^ 

But  by  Trig.,  Art.  75, 

sin.  A'-sin.  A=2  sm.  i(A^-A)  cos.  i(A^+A) 

=2  sin.  in  cos.(A+in). 

Therefore 

sin.  TT      _sin.  p  sin,  i^/    2  sin,  ju  cos.  (A+jll)  tang,  d^ 

COS.  6  COS.  d^""      cos.  d  sin.  A^ 

But  by  Trig.,  Art.  74, 

-    .      ,„      sin.  n       1.1.1      A-i.  011     sin. p  COS.  ^^  sin.  A^ 

2  sm.  in= rz:,  which,  by  Art.  211= .         i„ — 

COS.  in  COS.  d  COS.  in 

Therefore 

sin.  7r=sin.  p  sin.  tf/  oos.  d^ 

—sin.  p  COS.  ^^  008.  (A+in)  sec.  in  sin.  d^    .  (C) 

Let  us  put 

cot.  6=cos.  (A+in)  cot  if/  sec.  in    (D) 

Then 

sin.  7r=sin.  p  sin.  ^^  cos.  d^— sin.  p  sin.  <f/  sin.  d^  cot  b 

,  Ycos.  d^  sin.  6— sin.  d^  cos.  A\ 

=sm.  p  sm.  ^1 : — r 1 

V  sm.  a  ) 

^sin.psin.»-^.^_^^     By  Trig.,  Art.  72. 
sm.  6  X         /        .f      -o 

•  ^        I         .  sin.  p  sin.  ^ 

Let  us  also  put         c= — =1^ — =—2-. 
'^  sm.  6 

Then  sin.  7r=c  sin.  (6— d+7r) (2) 

But  by  Trig.,  Art.  72, 

sin.  (A— d+7r)=sin.  (6— d)  oos.  tt+oos.  (6— d)  sin.  tt. 

Therefore 


sin.  TT=c  sin.  {b—6)  cos.  tt+c  cos.  (b—d)  sin.  n. 
Dividing  by  cos.  tt,  we  have 

tang.  7r=c  sin.  (i  — «5)+c  cos.  {b—S)  tang,  tt. 
Whence 


tang,  n 


_    c  sin.  (ft— (J) 


(3) 


1  — c  COS.  (6  — d) 
Developing  this  formula  in  a  series,  as  in  Art.  205,  we  ohtain 
csm.{b--6)  .  r^  sin.  2(ft  — cJ)  ^  c-^sin.  3(ft  — d)  .      ^      ,., 
sm.  1^'  sm.  Ji  sm.  3' 

Equation  (2)  will  furnish  the  parallax  in  declination  when  we 
know  the  apparent  declination  (as  affected  by  parallax).  But 
when  we  know  only  the  true  declination,  we  must  employ  equa- 
tion (1),  or  (3),  or  (4). 

(214.)  The  auxiliary  an- 
gle 6,  introduced  in  equation 
(D),  has  a  geometrical  sig- 
nification. 

If  we  draw  the  arc  PC, 
bisecting  the  angle  APB,  w^e 
fihall  have   APC=in,  and  b' 
ZPC  =  A  +  in,  whence  equa- 
tion (D)  becomes 

cot.  ^  =  cos.  ZPC  .tang.  PZ  sec.  APC, 
or  cot.  b  COS.  APC  =  tang.  PZ  cos.  ZPC   ....  (1) 

If  we  draw  Zb  per|>endicu]ar  to  PC,  ¥ab  will  be  an  isosceles 
triangle,  aad  we  shall  have,  by  Napier's  rule, 

tang.  P€-tang.  ?a  cos.  APC -tang.  PZ  cos.  ZPC  .  (2) 
Comparing  equations  (1)  and  (2),  we  see  that  the  arc  b  is  the 
complement  of  P^,  or  the  arc  b  is  equal  to  the  declination  of  the 
point  a.     If  we  produce  the  arcs  PA  and  PB  to  meet  the  equa- 
tor  EQ,  then  aM  or  /jN  wnll  represent  the  ore  b» 
But  AM  =  ^. 

Therefore  Aa^b  —  d, 

Also,  BN^6'-6-7T. 

Therefore  Bb  =  b-(6-Tr)^b-6+m 

Also,  by  Spherical  Trigonometry,  Art.  215, 

sin.  ZaA  :  sin.  ZA  ::  sin.  AZa  i  sin.  Aa, 
md  sin.  ZB  :  sin.  ZbB ::  sin.  Bb :  sin.  BZ6. 

N 
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Thoe&ve,  ance  FoA  is  an  iaaaoeles  tnaB^>  W9  hav« 
an.  ZBian.  ZA::a]j.  B^rsin.  Aa, 
sn.  ='_siDL  (6— d+7r) 
am.  z        an.  (6— d) 
This  eqaatkn  will  be  ein{iIojed  in  An.  31S>  page  SOO. 
fz.  1.  Find  the  ino(»i's  psrallsTt  in  declinatioo  lur  the  Hi^h 
Sdttol  OfaserTatiKy,  Philadel{4iia,  vrhen  the  horiiunttil  ^>«rtilb\ 
of  the  place  is  5^  36".8,  the  moon's  Dec.  24>'  5  H  .t>  .N.,  Uw 
moon's  honr  angle  61'='  lO^  47".4,  and  the  parallax  in  right  «»• 
censi<m  44'  17''.1. 

Solution^— By  fonnnla  (1),  page  191, 

sin.j»=  8.2390478 

8in.^'=  9.8059193 

cosec.  <5= 10.389a  KU 

.02717585=  8.434 1H38 

.97282415=  9.9880344 

sin.A'=  9.9450035 

tang.  (J=  9.f)5034«4 

cosec.  A  =  10.0574279 

<J'=23o  39'  1".50  tang.=  9.6414122 

Therefore  ^=24°  5'  ll".6-23°  39'  1",50=20'  10  M. 

By  formula  (4),  page  193,    cos.  (A +in)= 9.677980 

oot.  ^=0.079834 
sec.  ^n =0.000009 
4=600  12'  22".2  cot =9.757823 
<=24°    5' 11  ".6 
b-6=Z6°    7'10".6 

sin.;>=S.239048 
sin.  *'= 9.805919 

eosec.  4=0.061571  c*=6j2131                <r»  =  4J32<J 

r=S-106538  an. 2(6- <J) =9.9788  8in.3(4-<J)  -  9.977 

«aa.  (b-f)= 9.770464  oosec.  2" =5.0134      oosec.  3"  -:  4.8:j7 

oosscl   =5.314425  16".04=L2003           0".U=9.iy4 
155S"i»l  =  3.191427 

Tr=1553  .91+ 16".04^0  .14=26' 10".l. 
Xfaamfine  ll>e  moan's  a^yarant  decUnatioD  in 
•24-    5'll".€-26  10".l 
=23=  39'    1'  .5  K. 
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With  this  declination  the  parallax  may  he  computed  by  form- 
ula (2),  page  192,  thus : 

c  =  8.106538 
sin.  (6-rf)^ 9.774963 
sin,  26' 10M  =  7.881501 
Ex.  2,  Find  the  moon's  parallax  in  declination  for  the  High 
School  Observatory,  Philadelphia,  when  the  liorizontal  parallax 
of  the  place  is  57'  7'^5,  the  moon's  Dec.  26°  23'  3'^6  N,,  the 
moon's  hour  angle  32^  39'  49''.5,  and  the  parallax  in  right  as- 
cension 26'  46'^5. 

Solution. — By  formula  (4), 

cos,  (A  +  in)  =  9  924147 

cot  ^'  =  0.079834 

sec.  in  =  0000003 

ft=44'=>  44'  13''.7  cot  =0.003984 

d=26^  23'    3^6 

sin.  i»= 8.220532 

910.0^  =  9.805919 
cosec.  ft  =r  0.152517 

c  =  8.178968  €^=6.3579                 c^^4.537 

sill,  (i-d)  =  9.498128  sin.2(6-=^«5)=9.7765  sin, 3(^»-d)  =  9.914 

cosec.  1 '  =  5.314425  cosec.  2  '  =  5;0134      cosec.  8"  =  4.837 

980'^67  =  2.991521  14^06  =  1.1478           0M9  =  9r28a 

TT  =  980  ^67 + 14^^06  +  0  M9  =  16'  34  ^92. 

Therefore  the  moon's  apparent  declination  is 
26^23'    3^'.6-16'34^9 
=  26^    6'28''7N. 
With  this  declination  the  parallax  may  be  computed  by  form- 
ula (2)j  thus: 

c= 8.178968 
sin.  (&^d')  =  9.504392 
sin.  16'  34^^92  =  7.683360 
Ex.  3.  Find  the  moon's  parallax  in  declination  for  Western 
Reserve  College,  Ohioi  when  the  horizontal  parallax  of  the  place 
is  59'  36'^5,  the  moon's  Dec.  24^  4'  41  ^7  N.^  and  hour  angle 
68°  9'  51^'.9 ;  and  the  parallax  in  right  ascension  45'  56".5. 

Am.  29^  17  '.9.     , 


196 


Practicai.   Astronomy. 


Ex.  4,  Find  the  moon's  parallax  in  declination  for  Western 
Reserve  College,  Ohio,  when  the  horizontal  parallax  of  the  place 
is  5r  l'\l,  the  moon's  Dec,  26^  24^  31^^5  N. ;  the  hour  angle 
is  23°  13'  12 '".0,  and  the  parallax  in  right  ascension  19'  12'".6. 

Ans,  W  15''.8. 

Tho  effect  of  parallax  is  always  to  increase  the  hour  angle,  or 
the  angular  distance  of  the  moon  from  the  meridian ;  hence, 
when  tho  moon  is  on  the  eastern  side  of  the  meridian,  tho  par- 
allax in  right  ascension  increases  the  true  right  ascension  of  the 
moon ;  but  wlien  the  moon  is  on  the  western  side  of  the  merid- 
ian, the  parallax  ditninishes  the  right  asceosion.  The  parallax 
in  declination  increases  the  distance  of  the  moon  from  the  north 
pole  in  both  situations. 

In  the  computation  of  occultations  of  stars  by  the  moon,  it  is 
convenient  to  know  the  change  which  the  parallaxes  undergo  in 
a  given  interval  of  time,  as,  for  example,  in  one  hour.  This  may 
be  effected  by  differentiating  the  expressions  already  obtained 
for  the  parallaxes. 

Problem. 

(215.)  To  find  the  hourly/  variatian  of  the  parallax  in  right 
ascension. 

Equation  (1),  of  Art.  211,  is 

.     „     sin.  p  cos.  d>^  sin.  A' 

sm,  11^ ^ * 

cos,  0 

Since  the  arcs  n  and  p  are  in  all  cases  small,  they  will  differ 

but  little  from  their  sines,  and  sin.  h^  differs  but  little  from  sin. 

A;  we  wUl  therefore  employ  the  more  convenient  formula, 

p  cos,  ^'  sin.  h 


n='- 


cos.  6 


In  this  formula  A  is  the  only  quantity  which,  by  its  rapid  va- 
riation, has  any  im|>ortant  influence  on  the  quantity  sought. 
Hence,  regarding  A  as  the  only  variable,  we  obtain 
J,       »  cos.  (b'  cos,  hdk 
cos,  0 

The  differential  of  k  must  be  tiiken  iu  parts  of  radius.  If  the 
variation  is  required  for  one  hour,  dh  wilt  represent  the  arc  of 
15^,  which  is  .2617994,  radius  being  unity. 
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Ex,  L  Find  the  hourly  variation  of  the  moon's  parallax  in 
right  ascension  for  Cambridge  Observatory,  whose  geocentric 
latitude  is  42*^  11^  2V%  when  the  horizontal  parallax  of  the 
place  is  57',  the  moon's  Dec.  25^^,  and  the  hour  angle  50^. 

Svlution.  j»= 57'  =  3420^ '  =^3,534026 

COS.  ^'  =  9.869778 
cos.  A  =  9,808067 
rfA=.2617994^9.4179(i9 
sec.  (5::^  0042724 
470^5  =  2.672564 
Ex.  2.  Find  the  hourly  variation  of  the  moon's  parallax  in 
right  ascension  for  Cambridge  Observatory^  when  the  horizontal 
parallax  of  the  place  is  6V,  the  moon's  Dec*  20*^,  and  the  hour 
angle  W.  Ans.  729'  .8. 

Problem, 
(216.)  To  find  ike  kourltf  variation  of  the  parallax  in  dec* 
iination* 

Equation  (C),  of  Art.  213,  is 
sin.  TT  —  sin.  p  sin.  tp'  cos.  (5'— sin.  p  oos.  0'  cos.  A  sec.  in  sin.  S\ 
Substituting  the  arcs  tt  and  p  for  their  sines,  and  using  d  m 
place  of  6\  wc  obtain  the  following  more  convenient  formnia, 
which  atfurds  an  approximate^  value  of  tt^ 

TT=p  sin.  0'  COS.  d—p  cos,  tp'  cos.  A  sin,  6* 
Differentiating  this  formulai  regarding  A  as  the  only  variable, 
we  obtain 
L  d-j=p  cos*  <(/  sin.  6  sin.  AdfA. 

Ex.  1.  Find  the  hourly  variation  of  the  moon's  parallax  in 
I       declination  fur  Cambridge  Observatory,  when  the  horizotital  |uir- 
aliax  of  the  place  is  57'  th*j  moon's  Dec.  25*^,  and  the  hour  an- 
I       gie  50^. 

Ij  Soiution.  p  =  3.534026 

L  cos.  i^'  =  9.869778 

^^^k  sin.  cft=  9.625948 

^^^^  sin.  A-T9.R84254 

I^^V  ^A  =  9,417969 

^P  214 

I         Ex, 

h 


8  =  2.331975 
Ex.  2.  Pind  the  hourly  variation  of  the  moon'H  parallax  in 
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decimation  for  Cambridge  Observatory,  when  the  horizontal  par- 
allax  of  the  place  is  61^,  the  moon's  Dec.  20^,  and  the  hour  an- 
gle 15°.  Ans.  62^'.8. 


(217.)  The  apparent  diameter  of  the  moon  is  the  angle  which 
its  disk  subtends.  This  angle  is  not  the  same  for  all  points  of 
the  earth,  on  accomit  of  their  different  distances  from  the  moon. 
As  the  moon  rises  above  the  horizon  (if  we  suppose  its  distance 
from  the  centre  of  the  earth  to  remain  constant),  its  distance 
from  the  place  of  observation  must  diminish  while  its  altitude 
increases,  and,  consequently,  its  apparent  diameter  must  increase. 

Problem. 

To  find  the  augmentation  of  the  moon^s  semi-diameter  on 
account  of  its  altitude  above  the  horizon. 

Let  C  and  M  be  the  cen- 
tres of  the  earth  and  moon, 
and  A  a  point  on  the  earth's 
surface.  The  semi-diameter 
of  the  moon,  as  seen  from  C, 
is  the  angle  BCM;  but  the 
semi-diameter,  as  seen  from 
A,  is  the  angle  B'AM. 

Represent  the  angle  BCM 
by  S  ;  the  angle  B'AM  by  S'  ; 
the  angle  ZCM  by  Z,  and  the 
angle  ZAM  by  Z\ 
Then,  in  the  right-angled  triangle  BCM,  we  have 

BM 


sin.  BCM  =  sin.  S= 
Also,  in  the  triangle  B'AM,  we  have 
sin.  B^AM=sin.  S'  = 


CM' 

B^M 
AM" 


Hence 


sm. 


S', 


sin. 


BM.B'M. 
*  "CM- AM  • 


AM :  CM. 


But  in  the  triangle  CAM  we  have 

AM :  CM ::  sin.  ACM :  sin.  CAM ::  sin.  Z :  sin.  Z'. 
Therefore        sin.  S :  sin.  S' ::  sin.  Z :  sin.  Z', 


Parallax. 
f,.     sin.  S  sill.  Z' 
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(A) 


ain.  Z 

But  since  S  never  amounts  to  17',  we  may  substitute  the  arc 
for  its  sine,  and  wo  obtain 

S.sin.  Z' 


Hence 


S'=- 


S'-S^S, 


sin-  Z 
sin.  Z'— sin.  Z 


sin,  Z 

which  represents  the  augmentation  of  the  moon's  semi-diame- 
ter, as  seen  from  a  point  on  the  earth's  surface  instead  of  its 
centre ;  Z  being  the  zenith  distance  of  the  moon  viewed  from 
the  centre,  and  3^  the  zenith  distance  as  seen  from  the  surface. 
But  by  Trig,,  Art.  75, 

sin.  Z'-sin.  Z  =  2  sin.  J(Z'-Z)  cos.  i(Z''+Z), 
Hence 

x=S'~S=-^^.sin.  i(Z'-Z)cos.  *(Z'  +  Z). 
sm,  Z 

If  we  represent  the  parallax  in  altitude  by  q,  we  shall  have 
Z^Z'-?. 


Hence 


X— 


sin.  (Z'-q) 

But  since  the  angle  q  is  always  small,  we  may,  without  sensi- 
ble error,  put  q  for  sin.  q,  and  make  cos.  q  equal  to  unity.    Hence 
^  S,q  COS.  (Z'^iq) 
sin.  (Z'-^g)      ' 
But  by  Trig.j  Art.  72, 

COS.  (Z^  — ig)— COS.  Z'  cos.  i^+sin,  Z'  sin.  iq. 
Also,      sin.  (Z'  — ^)=8in.  Z^  oos,  g— oos,  Z'  sin.  q. 
Hence  ^^S.q(co..  Z'+jq  ^n.  Z') 

sin,  Z^—q  cos.  Z' 
But,  according  to  Burckhardt's  Tables  of  the  Moon,  we  have 

S:;?::  1:3.6697. 
If  we  repr^ent  3.6697  by  Ar,  then 

And  by  Art.  204, 

q—k,S  Bin.  Z\ 
Therefore 

_ &,fi?  sin.  Z'  (cos.  Z'^jk.S  sin.  ^ZQ 
^""        sin.  Z'-A.S  sin.  Z'  cos.  Z'        ' 
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_A;.fi?(oo8.  Z'+jk.S  sin.  ^ZQ 

""^  ^ 1-A.Scos.Z'  • 

Dividing  the  numerator  by  the  denominator  in  order  to  de- 
velop this  expression  into  a  series,  we  obtain 

x=k.S!^  cos.  Z'+ik^S^+ilc^.S^  COS.  ^Z'+y  etc. 
If  we  put  k=k  sin.  1''= 0.00001779,  we  shall  have  for  the 
augmentation  expressed  in  seconds, 

x=AS^  oos.Z'+iA.^S^+iA.^'S^  Gos.^Z'+,eUi.  .  (1) 
By  this  formula  was  computed  Table  XIII.,  by  which  the 
augmentation  of  the  moon's  semi-diameter  may  be  obtained  by 
inspection. 

(218.)  When  the  parallax  in  declination  has.  been  previously 
computed,  the  following  method  is  preferable : 
By  Art.  214,  page  194, 

sin.  Z'_sin.  (6— (J+tt) 
sin.  Z"~    sin.  {b—6) 
Hence,  from  equation  (A),  page  199, 

o/     sin.  S  sin.  (6— (5+7r) 

sin.  S'= : — .-;-— ^ '-, 

sm.  {o  —  6) 

J       .      «,       .      o     sin.  S{sin.  (6— d+7r)  — sin.  (6  — <5)} 

and    sm.  S'— sm.  8= ^-^ — 7,-  -r; ^^ -• 

sm.  {0—6) 

But  by  Trig.,  Art.  75, 

sin.  (6— d+7r)--sin.  (6— <5)=2  sin.  ^n  cos.  (6— (J+^Tr). 
Therefore 

„/  cf     sin.  8,2  sin.  in  cos.  (b  —  d+in) 

sm.  S^— sm.  S= ,-^-- r^^ —^—^ 

sm.  {0—6) 

But  since  the  arcs  S,  8\  and  n  are  very  small,  we  may  put 

S=sin.  S,  and  2  sin.  i7r=sin.  t. 

Hence       ^^s'-S^^^^i^LS^^^H^+tl 

sm.  (0—6) 
But  by  Trig.,  Art.  72, 

COS.  (6  — (5+i7r)  =  cos.  {b—6)  cos.  irr— sin.  {b  —  A)  sin.  Jtt. 
Hence  t 

__  S.sin.  TT  {cos.  (6— <J)  COS.  i7r— sin.  {b—d)  sin.  Jtt} 
^  [  sin.  (6-(J)  ' 

or  x=  8  sin.  tt  cot.  {b—6)  cos.  i7r—  S  sin.  n  sin.  Jtt. 

If  we  assume  cos.  in  equal  to  unity,  and  sin.  in  equal  to  i 
sin.  TT,  we  shall  have 

x=  8  sin.  n  cot.  (6-d)-iS  sin.  V  .   ...  (2) 
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When  we  know  the  moon's  apparent  altitude,  we  niay  com- 
pute its  apparent  diameter  by  equation  (l),  or  take  it  directly 
from  Table  XIII. ;  but  when  the  parallax  in  dechnation  has  been 
computed,  it  is  better  to  employ  equation  (2.)  The  value  of 
(b—d)  is  obtained  by  Art  213,  page  192. 

Ex,  1.  Calculate  the  augmentation  of  the  moons  ^mi-diam- 
eter when  its  true  semi-diameter  is  16^  30^',  and  its  apparent 
altitude  66^. 

SoiuUon. — By  equation  (1),  page  200, 


16  30^^  =  990^^  =  2,99564 

9 


S^=5.99128 

A =5.25021 

COS.  Z"  1^9.96073 

15^^93==  1.20222 


S'= 8.9869 
A=^= 0.5004 
0.5  =  9,6990 


0'M5  =  9.1S63 
cos,  -Z  "9,9215 

0^ 


.13  =  9.1078 

Hence  15^^93 +0'M5^-0^M3  =  16''^21,  the  augmentation, 
the  same  as  given  in  Table  XIII. 

Ex,  2.  Calculate  the  augmentation  of  the  moon's  semi-diam- 
eter in  Ex.  1,  Art.  214,  when  the  horizon txil  semi-diameter  is 
16^  16  .0. 

Soiution.^^By  equation  (2),  page  200, 

16'  16^' =  976^'' =  2.98945  488'' ^2,688 

7r=26'  W\l     sin.  =  7.88150  sin.  ^?r  =  5.763 

6 -(1  =  36^  7'  11''  cot.  =  013683  0  .03  =  8.451 

10'M8  =  1.00778 
Hence  the  augmentation  =10''.18-0 ',03  =  10^15, 

Ex*  3,  Calculate  the  augmentation  of  the  moon's  semi-diam- 
eter in  Ex.  2,  Art.  214,  when  the  horizontal  semi-diamctcr  is 
15'  37 '.1,  Am.  13 '.6, 

When  the  moon's  hour  angle  is  known,  its  altitude  may  be 
taken  from  a  celestial  globe  with  sufficient  precision  to  foniish 
the  augmentation  of  it^  semi-diameter  within  one  or  two  tenths 
of  a  second,  by  means  of  Table  XIIL 

Ex.  4.  Calculate  the  augmentation  of  the  moon's  semi-diam- 
eter in  Ex.  3,  Art,  214,  when  the  horizontal  semi-diameter  is 
16'  16".0.  Ans.  8'^84. 


CHAPTER  IX. 

MISCELLANEOUS  PRODLEMa 
INTER  POL  ATrON    BY  DIFFERENCES. 

(219.)  It  is  frequently  requiredj  from  a  series  of  equidistant 
terms  following  any  law  whatever,  to  deduce  some  intermedi- 
ate term.  Thus^  in  the  Nautical  Almanac,  we  have  given  the 
moon's  right  ascension  for  every  hour  of  the  day,  and  from  these 
data  it  may  be  required  to  determine  its  right  ascension  for  some 
intermediate  instant.  This  is  effected  l>y  interpolation.  The 
quantities  upon  which  the  values  of  the  given  magnitudes  de- 
pend are  called  Arguments.  Time  is  generally  the  argument 
in  astronomical  tables. 

Let  a,^,  a,,  a,  Uq  a'  a''  a'^' 

be  the  given  places  of  the  moon,  corresponding  to  the  times 

T^3A,  T-2//,  T^A,  T,  T+A,  T  +  2A,  T  +  3A, 
where  h  may  represent  any  interval  of  time  at  pleasure.  These 
places  may  be  right  ascensions  or  declinations,  longitudes  or 
latitudesj  or  magnitudes  of  any  other  kind.  Subtract  the  first 
term  of  the  series  from  the  second,  the  second  from  the  third, 
and  so  on,  giving  to  each  remainder  the  sign  which  results  from 
the  rules  of  algebra ;  and  let  the  first  order  of  differences  be  rep- 
resented by  b,,,  6,,  6 ,  etc.  Subtract  each  of  these  first  differ- 
ences from  the  one  next  below  it,  for  a  second  order  of  differ- 
ences, paying  attention  to  the  signs,  and  represent  these  differ- 
ences by  c,,,  c,,  c,j  etc.j  and  proceed  in  the  same  manner  for  the 
third,  fourth,  etc.,  orders  of  differences^  as  represented  in  the  fbl* 
lowing  table ; 
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Tiisw  or 
Argument. 

Quantitlci. 

ittt  nm. 

SdDUr. 

SdDiff. 

lihDUr. 

Ml  Die 

>  lllbDim 

T-3A 

tf.v. 

T-2A 

T-  A 

K 
b, 

d,„ 
d„ 

«//, 

/.., 

It 

«fo 

h 

c, 

A     r 

e,. 

/•            - 

Is  fff 

T+  A 
T+2A 

a' 
a'' 

Co 

do 
d' 

Co 

g-./ 

T+3A 

a''' 

^.// 

&'    1 

T+4A 

^//// 

If  we  put  a**^  to  represent  that  term  of  the  series  which  fol- 
lows flo  at  the  interval  /,  then,  as  shown  in  Algebra,  Art.  297, 
we  shall  have 

Ex.  1.  Given  the  moon's  right  ascension  as  follows: 


IMc. 

RigUt  AuenaliHi. 

IKDUKmca. 

adDUftnoe*. 

Vsa. 

*. 

\.     m.          ». 

m. 

IT. 

a. 

February  1, 

0 

8  34  36.65 

+2 

565 

1 

8  36  42.30 

+2 

5.44 

-0.21 

2 

8  38  47.74 

+  2 

6.23 

-0.21 

3 

8  40  52.97 

+  2 

5.00 

-023 

4 

8  42  57.97 

Required  the  moon^s  right  ascension  at  February  1,  Oh.  15m. 
Here  a^ ^ 8h. 34m.  36.65s. ;  Ao  =  +  2m. 5.65s. ^c^-- 0.21s. ; 
and  i  —  15m.  —  .25  in  parts  of  an  hour.     Therefore 

a''>=8h.  34m.  36.65s,  4*  125.65  x  .25  +  ^  x  ,25  x  .75 

=8h.  34ra.  36.653.+31.418.+0.023. 
=8h.  35m.    8.088. 
Table  XXIII.,  page  393,  gives  the  coefficients  of  each  order 
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of  differences  for  every  hundredth  part  of  the  unit  of  time  elaps- 
ing between  the  given  terms  of  the  series.  In  the  preceding 
example  the  second  differences  are  sensibly  constant.  In  the 
following  example  the  numbers  appear  more  irregular. 

Ex.  2.  Given  the  right  ascension  of  the  moon's  Umb  for  the 
upper  and  lower  transit  at  Washington,  as  foUows  ; 


DHte. 

Right  Avcani, 

]«i  mtr. 

SilDJIT. 

SdDur 

4ili  Dur. 

Ath  mtr. 

1835, 

k.     m.       a. 

m>       t. 

tf. 

ff. 

dr. 

M.. 

July  3,  L.  T. 

22  37  5d  &4 

+  27  5T01 

U.T. 

23    5  56.55 

+27    4.06 

-52.05 

+  10  27 

U  L,  T. 

23  33     0.61 

+20  21  38 

-42-68 

+ 10  91 

+  0,64 

-0.63 

U.T. 

23  59  21 M 

+25  49.61 

-3L77 

+  10  92 

+0.01 

-0.40 

5,  L.  T. 

0  25  1L60 

+25  28.76 

-20,85 

+  10.53 

-089 

-0.17 

U,  T. 

0  60  40.36 

+  25  18.44 

-10,32 

+  9.97 

-0.56 

6,  L.  T, 

1  15  58.60 

+25  16.09 

-  0,35 

U.T. 

1  41   16  80 

to  find  the  moon's  right  ascension,  July  3,  at  its  transit  over  a 
place  one  hour  west  of  Washington. 

fi)   oou  0^7      nc^K4    ^1677.018.    52.95s, X 11    m27s.x  11x23 
af*^=22k  37m.  59,54s.+ — :r^ — -  +  ,^     -  — ,  ^  +-^r— ^7^-- r^— r^r 

12  2x12x12      6x12x12x12 

a64s.  X  11  X  23  X  35        0.63s.  x  11  x  23  x  35  x  47 


24x  12x  12x  12x  12    120x  12x  12x  12x  12  x  12' 
or 
of»^=22h.  37m,  59.54s.  +  139.75s. +  2.06 +  0.25  ^0.01 -0.01 
=  22h.  40m.  21.5Ss. 

(220.)  It  will  generally  be  found  more  convenient  in  practice 
to  take  the  coefficients  for  the  several  orders  of  difleronces  direct- 
ly from  Table  XXIII.  It  will  be  observed  that  tlie  coefficients 
of  the  second  and  fourth  differences  are  negative,  while  those  of 
the  odd  differences  are  positive.  Hence  the  corrections  for  the 
odd  differences  will  have  the  same  sign  as  those  differences ;  hut 
the  corrections  for  the  even  differences  will  have  a  sign  contrarp 
to  those  differences.  Hence,  in  the  above  example,  the  correc- 
tions for  the  first,  second,  and  third  differences  are  positive,  while 
the  other  two  corrections  are  negative. 

(221.)  Formula  (A)  proceeds  from  values  which  belong  to  a 
less  argument,  to  those  which  belong  to  a  greater  argument; 
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'Aunt  we  are  at  liberty  to  proceed  in  the  reverse  order.  Conceive 
the  times  and  qoantities  given  on  page  203  to  he  written  in  an 
inverted  order,  so  that  the  table  shall  begin  with  the  last  value, 
a^^'%  and  end  with  the  first,  a^,^*  The  first  dilFerences  would 
tlien  be  a'^'^a''^'^  ^b''' ;  a''--a'''^  -b*%  etc.  That  is,  the 
first  diiFerences  would  bo  the  same  as  given  in  the  preceding  ta- 
ble, but  with  contrary  signs.  The  second  differences  would  he 
_  h''  -  ( -  b''')  =  W — b''  =  4-  €'' ;  that  iis,  the  second  differences 
would  retain  the  same  signs  as  before*  The  third  diflerences, 
c'— c'—  —d\  etc.,  change  their  sign?,  while  the  fourth  dilferen* 
is  remain  unchanged,  and  so  on ;  that  is,  the  differences  of  an 
odd  order  have  their  signs  reversed. 

Suppose  now  that  t  is  a  proper  fraction,  representing  the  dis- 
tance of  the  term  a^*^  from  ao  /  fh^ti  the  first,  second,  third, 
fourtlij  etc.,  dilTerences  corresponding  will  bo  —  i^  /  +c^ ;  --rf^y/ 
4-f^^^,  etc. ;  and  consequently, 


Veei 


(1-0(1-^-1) 


c. 


or 


T<'J 


-'^-'>"-'-j"'-'-^'^„  +  ,et... 


(B) 


(222,)  Equations  (A)  and  (B)  are  each  of  them  only  approxi- 
mate ;  but  when  the  error  of  one  is  positive,  the  error  of  the 
other  will  generally  bo  negative,  so  that  we  shall  obtain  a  more 
accurate  exjires^ion  if  we  take  the  half  sum  of  both  (A)  and  (B)^ 
and  we  shall  have 


if») 


=f£+f:+/.6,  * 


i^C-^) 


+fci)jl^i:^>^^mi^'|+.etc. 


Bnt 

and  consequently. 


a^^bn  —  ar 


ao  +  a'    6c 


=  ac 


2         2 


etc. 
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Substituting  these  values  in  the  preceding  equation,  we  oh* 
tain 


n.W' 


.„,,..„,'(£^(£Hj£.),fcM^, 


(i^l)i{t^l)(t-2)^ 


J+,eto. 


(C) 


2.3.4 

Since  t  is  supposed  to  be  included  between  0  and  1,  it  is  plain 
that  the  coeflicients  of  the  third,  fourth,  etc.,  differences  in  form- 
ula (C)  are  smalfor  than  in  formulas  (A)  and  (B);  that  is,  this 
series  converges  most  rapidly* 

It  will  readily  be  perceived  that  in  formula  (A)  the  first,  sec- 
ond, third,  etc.,  differences  in  the  table  on  page  203  Ue  in  a  di* 
agonal,  which  starts  from  between  ^o  and  a'  and  inclines  down- 
ward. In  formula  (B),  on  the  contrary,  they  lie  in  a  diagonal 
which  inclines  upward  ;  while  in  formula  (C)  the  odd  differences 
are  intersected  by  a  horizontal  line,  which  starts  from  between 
Uq  and  a' ;  but  for  the  even  differences  we  employ  the  half  sum 
of  that  which  Ucs  above  and  that  which  is  below  the  horizontal 
line. 

(223.)  If  we  represent  the  coefficients  of  the  several  orders  of 
differences  by  B,  C,  D,  etc.,  formula  (C)  may  be  written 


*-ao  +  Bi  +  Cc+Drf+Ee+F/;  etc. 


(D) 


where  we  put  b^b^ 

Co  +  C, 


c=- 


€=- 


j,_t(t-i){t-i) 

2.3 

(f  +  l)t(t-l)(t-2) 

2.3.4 
(i+l)t(t-l){t^2){t-i) 
2.3.4.5  ' 

This  formula  is  the  one  recommended  by  Professor  BesseL 


etc. 
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Table  XXIIL,  page  392,  gives  the  values  of  the  preceding  coef- 
ficients for  every  hundredth  part  of  the  unit  of  time.  It  will  be 
observed  that  the  coefficient  of  the  second  differences  is  invaria* 
bly  negative  ;  hut  for  values  of  /  less  than  «50,  the  coefficients  of 
the  third  and  fourth  diflerences  are  positive,  and  the  fifth  nega* 
tive ;  while  for  values  of  t  greater  than  .50,  the  coefficients  of  the 
third  diflerences  are  negative,  hut  the  fourth  and  fifth  are  positive. 

Example.  Required  the  moon's  right  ascension  for  July  10, 
1855,  at  8h.  mean  time. 

Take  from  the  Almanac  three  places  of  the  moon  preceding 
and  three  places  following  the  proposed  time,  and  find  their  dif- 
ferences as  in  the  following  table ; 


Date.         1          R  A., 

Iftt  Dlff. 

1     MDlff   ^ 

WDtlt 

i^k  Diff 

5ih  DifT, 

k. 

jh.  m.       M. 

m.        $. 

#. 

#. 

M. 

*. 

July  9,    0 

3  20  &&.61 

+2ft     6,41 

12 

3  47    2,02 

+26  32.98 

+27.67 

-1.99 

"  10,    0 

4  13  35.00 

+38  68.06 

+25,68 

^iM 

-2.19 

-O.OT 

12 

4  40  33  J6 

+27  20,26 

+2Leo 

-6.33 

-2,25 

-  Ih    0 

6     7  53,93 

+27  35.53 

+  15.27 

12 

6  35  29.45 

For  July  10,  at  Oh,,  which  is  the  date  next  preoediug  the  ono 
proposed,  we  find 

ao  =  4h,  13m.  35,00s.;  6^  26m,  58.66s. 
Co^21.60s, ;  c^^25,68s, ;  v  c- i(Co  +  0  =^23.643. 
rf:= -4.08s,  ;/= -0.06s. 

e,=:-3-25s.;  ^,,=  -2.199.;  ve  =  i{f,+0= -2.22s. 
The  difference  between  the  proposed  time  and  July  10  at  Oh. 
is  8h.j  which  is  two  thirds  of  the  interval  between  the  dates  in 
the  table*     Therefore  we  have 

B6=     !(26m.  58.66s.)    ==    +  17m.  59.107s. 
Cc=^i(23M^.)  =  -2.627s. 

Drf^ -.00617 X -4.08s.  =  -f  .02.5s, 

Ee==+,02057x-2.22s.=  -  .046s. 

F/=  +  ^00069  X  -  0.06s.  ^ ,000s. 

B6  +  Cc+D£i-fEe+F/=    +  17m.  56.46s. 
ao^4h.  13m.  35.00s. 


Moon's  R.  A.  at  8h.=4h.  31m.  31.46s. 
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(224.)  Most  of  the  numbers  in  tho  Nautical  Almanac  are  com- 
puted for  intervals  of  either  12  or  24  hours.  The  right  ascen- 
sion of  the  moon's  bright  limb  is  given  for  both  the  upjRir  and 
lower  culminations,  that  is,  for  intervals  of  12  hours  of  longi- 
tude. If  we  wish  to  interpolate  for  any  other  meridian,  we  must 
consider  12  hours  as  the  unit  of  time,  and  it  is  desirable  to  havo 
the  coefficients  computed  for  conveuient  fractions  of  12  hours. 
\Ylien  the  comjmtation  is  performed  by  logarithms,  it  is  con- 
venient to  have  the  logarithm ie  coelficients  arranged  in  a  table. 
This  has  accordingly  been  done  in  Table  XXIV.,  which  furnish- 
es the  logarithms  of  Bessel*s  ooefficients  for  every  five  minutes 
throughout  12  hours.  If  tht3  numbers  between  which  we  wish 
to  inter|>olatc  are  given  for  intervals  of  24  hours,  as  the  sun's 
places  in  the  Nautical  Almanac,  we  may  avail  ourselves  of  the 
same  table  of  coefficients  by  simply  doubling  each  of  the  num- 
bers in  colunm  first.  Thus,  when  the  inter\^al  is  12  hours,  the 
coefficients  for  an  argument  of  one  liour  will  bo  the  same  as  for 
an  argument  of  tMo  hours  when  the  interval  is  24  hours. 

The  preceding  example  is  most  conveniently  solved  by  the  use 
of  these  coelFicients.  Taking  the  logaritlims  of  the  coefficients 
Bj  Oj  D,  Ej  and  F  from  the  table,  and  the  logarithms  of  &,  f,  e/, 
e^  and  /  as  given  on  the  preceding  page,  we  have 

log.  B  =  aS23M87;  log.  C=^9.04576«  ;  log.  D= 7.7904 8ii; 
log.  &  =  3.209 1556     log.  c=:  L37365        log,  rf=0.61066/i. 
3.0330643  0.41941w  H^OTTT 

Nat.  num.+ 1079.107s.  -2.627s.  +0.025s. 

log.  E=:  8.31336;  log.  F^  6.83624 
log.  e-0.3463oy»   log./==8.77815» 
BAmiln  5.61439» 

Nat.  num. -0.046s.  .000 

Adding  to  log.  B,  log.  C,  etc.»  the  factors  log.  6,  log,  c,  etc., 
w*e  obtain  for  tlie  several  corrections 


B6 

=:+17m 

.  59.1073. 

Cr 

= 

-2.G27S. 

Drf 

=r 

+  0.025s. 

Ee 

= 

-0.0468. 

F/ 

=. 

O.OOOs. 

Sum  =+ 17m.  5(i,46s. 
the  same  as  found  on  page  207. 
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If  we  neglect  the  third  and  following  differences,  that  is,  if  we 
suppose  the  second  diflerences  constant,  formula  C  becomes 


'  =  ao  +  '.*o  + 


t(l~l)(c^  +  c,) 


.2  2 

We  accordingly  take  from  the  Nautical  Almanac  four  cjimseo* 
utive  arcs,  stich  that  the  arc  sought  may  fall  between  the  two 
middle  ones,  and  fur  the  second  difference  we  employ  the  mean 
of  the  two  second  differences  thus  obtained. 

In  the  example  on  page  207,  if  wo  regard  only  first  and  seo- 
,ond  ditlerences,  we  shall  obtain  the  moon's  right  ascension, 
|V  4h,  31m.  31.48s. 

instead  of  4h.  31m.  31.46s. 

The  error  arising  from  neglecting  the  third  and  following  dif- 
ferences amounts,  therefore,  only  to  0.02s, 

Problem. 

(225.)  To  find  the  time  of  canjunciion  or  opposition  of  the 
moon  with  the  Htm, 

The  right  ascension  of  the  moon  is  given  in  the  Nautical  Al- 
manac for  every  hour  of  the  da^%  ana  the  right  ascension  of  the 
sun  is  given  for  noon  of  each  day.  An  inspection  of  these  col- 
umns will  readily  show  between  what  hours  conjunction  or  op* 
position  takes  place.  Take  out  four  successive  right  ascensions 
of  the  moon,  siich  that  the  phase  sought  shall  fall  between  the 
second  and  third  of  the  hours,  and  find  by  interpolation  the  cor- 
responding right  a.sceii5ion  of  the  sun.  For  each  hour  subtract 
the  right  ascension  of  the  sun  from  that  of  the  moon ;  the  dif- 
ferences will  represent  the  distances  of  the  moon  from  the  sun. 
Then,  if  only  an  approximate  result  is  desired,  we  may  determ- 
ine by  a  simple  proportion  when  the  difference  of  right  ascension 
amounts  to  zero,  or  twelve  hours.  But  if  a  more  accurate  result' 
is  desired,  we  must  take  account  of  the  second  di^erences. 


Examptc. 

Required  the  Washington  mean  time  of  opposition  in  right 
ascension  of  the  sun  and  moon,  October  24,  1S55. 

We  readily  discover  by  an  inspection  of  the  ephemeris  that 
opposition  takes  place  between  19h.  and  20h.,  Greenwich  time. 
Wo  then  take  from  the  Nautical  Almanac  the  right  ascension  of 

O 
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the  sun  and  moon  for  four  sucoessivo  houre,  and  find  their  differ- 
ences, neglecting  the  12  hours,  as  follows ; 


Due. 

Sun-i  R.  A. 

Moon*>  R.  A. 

Mnaa— Sun.     1       lit  DltT       i    !d  DUT    { 

k. 

*.      m.          t. 

A.      m.        1. 

m.         «. 

m.      §, 

g. 

18 

13  56  30.45 

1  53  48.67 

-2  41,78 

+2  3.78 

19 

13  56  40.01 

1  56     2.01 

-     38.00 

+2  3.94 

+0.16 

SO 

13  56  49.57 

1  58  15.51 

+  1  25.94 

+2  4.09 

+  015 

21 

13  56  59.13 

2    0  29.16 

+  3  3003 

If  we  neglect  the  second  differences,  the  time  of  opposition 
may  be  found  by  the  proportion 

2m.  3.94s. :  3600s. ::  38,00s. :  18m.  23.8s. ; 
that  is,  opposition  takes  place  at  19h.  ISm.  23.8s,,  and  this  re- 
sult is  within  half  a  second  of  the  truth.     If  greater  accuracy  is 
required,  we  must  take  account  of  the  second  differences,  which 
may  be  done  as  follows : 

In  the  forniula  of  interpolationj  page  206, 

a^'^-ao  +  t  ,b^  ^  "    c+,  etc,^ 

t  must  be  regarded  as  the  unknown  quantity,  all  the  others  being 
known. 

Developing  this  formula,  we  have 


ti')^ 


or 


-='('-i4) 


Now  the  approximate  value  of  ^  is 
this  value  above,  we  obtain 
t=  — 


a'^'  —  ar 


Substituting 


a^'>-ar 


•  2'^2"       A 

which  is  a  more  accurate  value  of  t.  In  the  present  case  a^'^  be- 
comes zero,  because  we  wish  to  determine  w^hen  the  difference 
of  right  ascension  between  the  sub  and  moon  is  zero  (neglecting 
the  12  hours) ;  hence  we  have 


t-~ 


—  a. 


2    2*  b 
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where  we  must  be  careful  to  preserve  the  proper  sign  of  each 
term. 

Substituting  the  values  of  these  letters,  we  have 
38.00  38.00 


123.94 -.08 +03     123.H9' 

Kwhere  /  is  expressed  in  parts  of  an  hour. 

'  Multiplying  by  3600  to  reduce  the  result  to  seconds,  we  ob- 
tain 1104.2s.,  or  18m.  24.2s. ;  whence  the  corrected  time  of  op- 
position is 

19k  18m.  24,2s,  Greenwich  mean  time, 
or  14h.  10m.  13,03.  Washington  mean  time. 

Problem. 

(226,)  To  find  the  hourly  motion  of  the  moon  in  right  as- 
cefmmiy  etc. 

The  moon's  hourly  motion  may  be  found  very  nearly  by  tak- 
ing the  difference  between  two  successive  numbers  in  the  Nau- 
tical Almanac,  tlie  one  before  and  the  other  after  the  time  for 
which  the  hourly  motion  is  wanted.  If  the  proposed  instant 
docs  not  fall  midway  between  the  two  dates  in  the  Almanac,  we 
must  apply  a  correction  by  taking  a  proportional  part  of  the  sec- 
ond difference. 

Exam^ple  1. 

Required  the  moon's  hourly  motion  in  right  ascension,  Octo- 
ber 24,  1855,  at  19h.  18m.  24.2s,,  Greenwich  mean  time. 
We  take  from  the  Nautical  Almanac  the  follomng  numbers: 


Dau. 

Moon-.  R.  A. 

lu  Dur. 

MDlff. 

*. 

k.    m.         M 

m.        *. 

t. 

18 

1  53  48.67 

+2  13.34 

19 

1  56    2.01 

+2  13.50 

+  0.16 

20    1 

t  58  15.51 

The  change  of  the  moon's  right  ascension  from  18h.  to  19h. 
is  2m,  13.349.,  which  may  be  regarded  as  the  hourly  motion  for 
18h.  30m.  In  the  same  manner,  the  hourly  motion  for  19h.  30m* 
is  2m,  13.50s.  In  order  to  obtain  ttie  hourly  motion  for  19h. 
18m.  24.2s.,  we  state  the  proportion 

60m. :  0.16s. ::  4Sm.  242s. :  013s., 
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which,  being  added  to  2m,  13.34s.,  gives  the  hourly  motion  for 
19h.  18ra.  24,2,s.,  equal  to  2m.  13.47s.  in  time,  or  33'  22  ^05 
in  arc. 

In  calculating  ecUpseSj  it  is  neces&ary  to  know  the  hourly  mo- 
tion of  the  moon  from  the  sun.  Tliis  ia  obtained  by  finding  the 
sun's  hourly  motion  in  the  manner  already  explained,  and  sub- 
tracting it  from  the  moon's  hourly  motion*  Thus,  if  the  sun's 
hourly  motion,  October  24,  was  9.56s.,  then  the  hourly  motion 
of  the  moon  from  the  sun  was  2m.  13.47s.-- 9.56s.  =  2m.  3.91s. 
in  time,  or  30'  58'''.65  in  arc. 

(227.)  The  preceding  method  is  slightly  inaccurate  in  princi- 
ple, and  when  the  interval  between  the  moon's  places  amounts 
to  12  hours,  the  error  can  not  be  neglected.  An  accurate  form- 
ula for  the  hourly  motion  may  ho  obtained  by  differentiating 
equation  D,  page  206.     We  thus  find 

dt    ' 


,  ,  2/-1    ,3/«_3^  +  |,^  4^^^ 


-€-\-,  etc. 


2        '        2.3  '  2.3.4 

If  the  moon's  places  are  given  for  intervals  of  12  hours,  and 
we  assume  successively  ^  =  0,  — -/j,  —  ^t  ^^^*i  ^^^  ^^^'^  obtain 
the  hourly  motion  corresiionding  to  each  hour  of  the  interval  for 
which  by  r,  rf,  etc.,  are  computed-  If  we  wish  the  hourly  motion 
for  the  instant  midway  between  two  values  of  i,  we  must  make 
^  =  i  ;  in  which  case  the  above  coefficient  of  c  becomes  0, 


d 

e 


-A. 

0, 


and  we  have  the  hourly  motion  equal  to 

4-24) 

where  b  and  d  represent  the  first  and  third  diflerenoes  corre- 
sponding to  the  instant  for  %vhich  the  hourly  motion  is  required. 
Ex.  2.  Required  the  variation  of  the  moon's  right  ascension 
in  one  hour  of  longitude  for  the  instant  of  the  Greenwich  tran- 
sit, January  5,  1854,  firom  the  following  data ; 
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Dh*. 

MMIi'aR.iL. 

iMDur. 

tdDUr. 

3I1GUE 

A.         IB.             M. 

m.          ff. 

<- 

>. 

January  4,  U.T. 

23  55  36.86 

24  21.19 

L.  T. 

0  19  58.05 

23  49.13 

-32.06 

+  9.68 

«       6,  U.T. 

0  43  47.18 

23  26.75 

-22.38 

+  9.23 

"           L.  T. 

1     7  13.93 

23  13.60 

-13.15 

"       6,U.T.' 

1  30  27.53 

The  difference,  23m»  49.13s.,  corresponds  to  the  instant  mid- 
way between  the  lower  transit,  January  4th,  and  the  upper  tran- 
sit, January  5th-  By  interpolation  in  the  usual  manner,  wo 
find  the  first  difference  corresponding  to  the  upper  transit,  Jan- 
uary 5th,  to  be 

A  =  23m.  36.76s., 
and  the  third  difference  for  the  same  instant  is 

rf—  +  9;45s. 
Subtracting  ^th  of  d  from  6,  we  have 
23ni.  36.37s-, 
which,  divided  by  12,  gives 

118.03s,, 
which  19  the  motion  in  right  ascension  for  one  hour  of  longitude, 
corresponding  to  the  instant  of  Clreenwich  transit,  January  5th. 

Problem. 

(228.)  Two  hour  ctreies,  PA,  PB,  make  with  each  other  a 
smaii  angle  at  P,  and  from  a nj/  pointy  A,  m  one  of  them^  an 
arCf  AC,  of  a  great  circle  is  lei  fall  perpendicular  It/  on  the 
other ;  it  is  required  to  find  the  difference  of  decli-  p/ 
nation  of  the  points  A  and  C. 

Let  P  bo  the  pole  of  the  earth,  AB  a  parallel  of  dec- 
lination, and  AC  an  arc  of  a  great  circle  perpendicu- 
lar  to  PB. 

Then,  in  the  triangle  APC, 

R.  cos.  APC  =  tang,  PC  cot  PA, 

,    Tin        ^ot'  PA 

cos.  APC 
If  we  put  d=the  deolination  of  the  point  A,  if^the 
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declination  of  the  point  C,  and  a  the  difference  of  rig^it  ascension 
of  A  and  G,  we  shall  have 

^^teng^ (1) 

cos.  a  ^ 

firom  which  the  declination  of  the  point  C  may  be  computed; 
but  the  computation  requires  a  table  of  tangents  extending  to 
single  seconds,  and  seven  places  of  decimals.    We  may  obtain 
a  more  convenient  formula  as  follows : 
By  Trig.,  Art.  77, 

tang.  (a,6)=,^°g'  ^"^^g'  \. 
^  ^  1+tang.  a  tang,  b 

tang.  6 


Hence         tang,  (d'— <5)=- 


-tang.  <5 


1  I  tang.^  6 
cos.  a 
__  tang.  (J  ( 1  —  cos.  a) 
"""   cos.  a+tang.^  6 
Since  a  is  supposed  to  be  a  small  arc,  we  will  put  cos.  a  in  the 
denominator  equal  to  unity,  and  it  becomes 

tang,  (d'— (J)=-^^^ —    r!!^^      =tang.  6  cos.^  d(l— cos.  a) 
^  sec.^  6  D  \  / 

But     tang.  6  cos.^  (J=sin.  d  cos.  d= — ^ — ,  by  Trig.,  Art.  73. 

And  by  Trig.,  Art.  74, 

1  — cos.  a=2  sin.^  \a. 
Hence  tang,  (d^— (5)=sin.  2(J  sin.^  ^a. 

If  we  suppose  a  to  be  expressed  in  minutes,  and  d''— d  in  sec- 
onds, we  may  put 

tang.  (d^-<5)=((5'-<5)  sin.  V\ 

and  sin.  - = -  sin.  V = a(30  sin.  V% 

Hence,  by  substitution,  we  obtain 

d^-(J=a2(900sin.  1'^  sin.  2d) (2) 

Example.  Suppose  d=29°,  and  a=90^ ;  it  is  required  to  find 
the  value  of  d'—d. 

Solution.— By  formula  (1),       tang.  29^ = 9.7437520 

cos.  90^=9.9998512 
tang.  290  0^  30^^0=9.7439008 
Therefore  d'-d=30'^0. 
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Jy  formula  (2), 


900  =  2.9542 

sin.  V'^iJjbDG 

sin.  58^  ==9.9284 

903  =  3.908o 


a^_(5=:30-0  =  1.4767 
In  this  manner  was  computed  Table  XVIII.  It  will  be  ob- 
served that  the  declination  of  the  jxjint  C  is  always  greater  than 
that  of  A,  whether  it  be  north  or  south  of  the  equator.  This 
correction  is  applied  to  the  moon's  declination  in  computing 
eclipses  and  occultations. 

CATALOGUES    OF    THE    FIXED    STARS. 

(229,)  The  first  individual  who  constructed  a  catalogue  of  the 
stars  was  Hipparchus,  who  flourished  between  160  and  18*3 
years  B.C.  This  catalogue  contains  the  longitude  and  latitude 
of  1028  stars,  and  is  preserved  in  Ptolemy's  Almagest. 

The  next  catalogue  of  stars  is  that  of  the  Tartar  prince  Ulugh 
Beigh.  This  catalogue  contains  the  places  of  1019  stars,  de- 
rived from  observations  made  at  Samarcand.  The  epoch  is  the 
year  1437  A.D. 

The  next  catalogue  is  that  of  Tycho  Brahe,  containing  the 
places  of  777  stars,  for  the  year  1600.  Kepler  subsequently  en- 
larged this  catalogue,  from  Tycho  Brahe's  observations,  to  1005 
stars,  and  published  it  in  the  year  1627. 

Halley's  catalogue  of  southern  stars  contains  the  places  of  341 
stars,  derived  from  observations  made  at  St.  Helena.  The  epoch 
is  1677.  This  was  the  first  catalogue  constructed  from  obser- 
vations made  by  the  use  of  telescopic  sights. 

The  catalogue  of  Hevelius  contained  1564  stars,  and  was  pub* 
lished  in  1690.     The  epocb  is  1660. 

Flamsteed's  British  Catalogue  was  published  in  1725.  It 
contains  the  places  of  2935  stars,  reduced  to  the  year  1689, 

The  observations  made  by  Bradley  between  the  years  1750 
and  1762  were  published  by  Bessel  in  1818.  The  number  of 
stars  in  this  catalogue  is  3112.     The  epoch  is  1750. 

Lacaille's  catalogue  of  stars  in  the  southern  hemisphere,  ob- 
served at  the  Cape  of  Good  Hope,  contains  9766  stars,  reduced 
to  the  year  1750.  This  catalogue  was  printed  in  1845  at  the 
expense  of  the  British  government. 
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Mayer  is  the  author  of  a  catalogue  of  998  zodiacal  stars,  pub- 

lished  in  1775. 

(230.)  Toward  the  close  of  the  last  century  M.  L.  Lalande, 
at  Paris,  undertook  to  determine  the  positions  of  all  the  stars  in 
the  northern  hemisphere  down  to  the  ninth  magnitude.  These 
observations  have  recently  been  reduced  at  the  expense  of  the 
British  Association,  and  were  published  in  1847.  This  catalogue 
contains  the  places  of  47,390  stars,  reduced  to  the  year  1800. 

In  1814  Piazzi  published  a  catatogue  of  7646  stars,  from  ob- 
servations made  ut  Palermo  from  1792  to  1813.  This  was  the 
most  important  catalogue  of  stars  hitherto  publishud.  Every 
star  was  observed  several  times,  and  a  mean  of  all  the  results 
taken  as  the  final  place  of  the  star. 

In  1806  Dc  Zach  publLshed  a  catalogue  of  1830  zodiacal  stars, 
from  observations  made  by  him  at  Sceberg,  in  Saxe  Gotlia. 

In  1838  was  pubUshed  Groombridge*s  catalogue  of  4243  cir» 
cumpolar  stars,  reduced  to  the  year  1810.  It  contains  the  places 
iif  all  the  stars  down  to  the  eighth  magnitude,  situated  within 
50^  of  the  north  pole,  derived  from  observations  made  between 
the  years  1806  ami  1816. 

Brisbane's  catalogue,  edited  by  W.  Richardson,  contains  the 
places  of  7385  stars,  chiefly  in  the  southern  hemisphere,  ob- 
served at  Paramatta,  in  New  South  Wales. 

Taylor's  catalogue  contains  11,015  stars,  observed  at  Madras, 
India,  and  reduced  to  1835. 

Bessel's  catalogues  contain  31,085  stars  between  —15°  and 
H-15°  dec,  and  31,445  stars  between  +15^  and  +45'^  dec. 
All  observed  at  Kunigsberg,  and  reduced  to  1825  by  Weisse. 

Argelander's  catalogues  contain  110,984  stars  betw^een  —2° 
and  +20"*  dec;  105,075  stars  between  +20'^  and  +41^  dec.; 
and  108,129  stars  between  +41°  and  +90"^  dec.  All  of  these 
stars  were  observed  at  Bonn,  and  are  reduced  to  1855. 

Rumker's  catalogues  cot i tain  tho  places  of  15,104  stars,  ob- 
served at  Hamburg,  Germany. 

Cooper's  catalogue  contains  the  places  of  60,066  stars,  ob- 
served at  Markree,  Ireland,  in  the  years  1848  to  1856. 

Lamont's  catalogues  contain  3571  stars  between  +15°  and 
+  9°  dec. ;  6323  stars  between  +9"*  and  +3'*  dec;  9412  stars 
between   +3°  and  —3°  dec;    4793  stars  between  —3^  and 
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—9*  dec.;  4093  stars  between  —9^  and  —15^  dec.;  and 
5563  stars  north  of  +15''  or  south  of  -15°.  All  of  these 
stars  were  observed  at  Munich,  Bavaria^  and  are  reduced  to 
1860. 

The  Radcliffe  catalogues  coiitaiu  the  places  of  8703  stars, 
chiefly  ciroumplar,  observed  at  Oxford,  England, 

Schjellerup's  catalogue  contains  10,000  stars  between  —IS'' 
and  +15^  dec.,  observed  at  Copenhagen. 

Airy's  cataloguea  contain  the  places  of  about  10,000  stars,  ob- 
served at  Groetiwich,  England* 

The  Washingfj^n  catalogue,  by  Prof,  Yarnall,  contains  the 
places  of  10,658  stars,  reduced  to  1860,  derived  from  observa- 
tions made  at  the  United  States  Naval  Observatory,  from  1845 
to  1871. 

Bond's  catalogues  contain  the  places  of  5500  stars  between 
the  equator  and  +0^'  20'  dec;  4484  stars  between  +0°  20' 
and  +0°  40'  dec.;  and  6100  stars  between  +0''  40'  and  +1"* 
0'  dec.     All  observed  at  Cambridge,  Mass. 

Mr.  E,  J.  Stone  has  constructed  a  catalogue  of  all  stars  down 
to  the  seventh  magnitude  between  N.  P.  D.  120^  and  N.  P.  D.  180°, 
and  all  Lacailte*s  stars  beyond  these  limits.  The  catalogue 
contains  12,400  siar^,  almost  all  of  which  have  been  observed 
three  times.  The  printing  of  this  catalogue  m  now  (18S1)  in 
progress. 

The  catalogue  published  by  the  British  Association  in  1845 
contains  the  places  of  8377  stars,  reduced  to  1850,  derived  from 
the  best  authorities,  and  furnishes  the  constants  for  deducing 
tlie  apparent  from  the  mean  places  with  the  greatest  facility. 
This  is  the  most  valuable  catalogue  for  general  use  which  has 
yet  been  published 

In  1852,  Professor  8truve,  of  St.  Pelorsburgh,  published  a  cat- 
alogue  giving  the  places  of  2H74  stars  for  the  year  1830,  being 
chieHy  double  stars  observed  at  Dor  pat  from  1H32  to  1843. 

The  catalogue  appended  to  this  volume  contains  the  mean 
places  of  all  stars  as  large  as  the  fifth  magnitude^  reduced  ta 
the  year  1850.  The  mean  places  of  such  as  were  found  in 
Airy's  twelve-year  catalogue  were  taken  from  that  catalogue; 
the  otliers  were  taken  from  the  catalogue  of  the  British  Asso- 
ciation, which  also  furnished  the  constants  for  reduction. 


218 


Practical  AsTRorfoMY. 


Determination  of  the  apparent  places  of  ihe  fixed  stars. 
(232.)  The  {wsitions  of  the  stars  given  in  the  eatalogues  are 
called  their  mean  places;  and  as  these  plaees  vary  from  year 
to  year  in  con&exiuence  of  precession,  the  epcx;h  for  which  the 
places  are  given  should  always  be  stated.  In  the  accniripany- 
ing  catalogue,  the  mean  places  of  the  stars  are  given  Ibr  Junu- 
ftry  1,  1850.  In  our  obsiervations,  however,  we  do  not  find  the 
stars  in  the  positions  here  given ;  but  their  places  are  altered  by 
the  amount  of  their  precession  since  January  1,  1850,  and  are 
also  aHectcd  by  aberration  and  nutation.  The  mean  places 
must  therefore  be  reduced  to  the  apparent  before  they  can  be 
compared  with  observation. 

The  algebraic  expressions  for  these  corrections  have  been  re- 
duced by  Bessel  to  tlie  following  form : 

Correction  in  R.  A,  —  Aa  +  Bb  +  Cc-^J)d; 
Correction  in  N.  P.  D.=Aa'  +  Bb'  +  Cc'  +  J)d'; 
where  A  =  -18^^732cos.  0, 
B=-~20'\420sin,  Q, 
C^i-0m6  sin.  2q -0.343  sin.  il +0.004  sin.  2il, 
D=  ^0  ^545  COS.  2 0  -9 '.250 cos.  ^  +0^^090  cos.  2il, 
a=+cos,  a  sec.  d, 
6=+sin.  a  sec.  cJ, 

c^  4- 3.0706s.  +  1.3370s.  sin.  a  tang.  J, 
rf=:+cos.  a  tang,  d, 
o'=  —tang,  &>  cos.  d+sin.  a  sin.  S^ 
b^——cos,  a  sin.  eJ, 
e'= -20^^055  cos.  a, 
rf'=  +sin.  a. 
Abo, 

<==the  time  from  the  beginning  of  the  year,  expressed 
in  fractional  parts  of  a  year. 
0  =  the  sun's  true  longitude, 

U  —the  mean  longitude  of  the  moon's  ascending  node, 
as^the  mean  right  ascension  of  the  star, 
d^the  mean  declination  of  the  star, 
«u=the  obliquity  of  the  ecliptic. 
The  factors  A,  B,  C,  D  are  independent  of  the  star's  places, 
and  arc  the  same  for  all  the  stars,  but  vary  with  the  time. 
They  are  given  for  every  day  of  tli©  year  in  the  English  Nau- 
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tical  Almanac,  on  pages  295-302^  and  in  the  American  Nanii- 
cal  AJmanac,  on  pages  281-4*  The  coorticieiite  wkich  are  de. 
noted  by  A,  Bj  C,  and  D  in  the  English  Almanac  are  denoted 
by  C,  D,  Aj  and  B  in  the  American  Almanac,  so  that  for  the 
American  Almanac  we  shall  have 

Correction  in  K.  A.  =  CaH-D6+Ac  +  Brf; 
Correction  in  N.  P.  D.-Ca'+D6'+Ac'H-Bd'. 
The  factors  a,  b,  c,  J,  a\  b\  c\  d\  depend  only  on  the  places  of 
the  stars,  and  are  sensibly  constant  for  a  long  jieriod  of  years. 
They  are  accordingly  calcolated,  and  their  logarithms  are  en- 
tered opposite  each  star  in  the  accompanying  catalogue. 

(233,)  In  order  to  obtain  the  correction  to  the  mean  place  of 
a  star,  we  have  only  to  take  from  the  catalogue,  and  opposite 
to  the  given  star,  the  logarithms  of  Uj  6,  e^  d,  and  a\  b  ,  c\  d\ 
with  their  proper  signs  ;  and  to  write  down  under  them  respect- 
ively >  from  the  Nautical  Almanac,  opposite  the  given  day,  the 
logarithms  of  A,  B,  C,  D^  with  their  proper  signs,  remembering 
that  the  signs  prefixed  to  the  logarithms  affect  only  the  natural 
numbers.  We  then  add  each  pair  together,  and  find  the  nat- 
ural number  oorres|K)nding  to  the  sum.  The  sum  of  the  four 
natural  numbers  thus  obtained  (regard  being  had  to  their  &<igns) 
will  be  the  total  correction  required  in  right  ascension  and  polar 
distance  on  the  given  day.  This  correction,  applied  to  the  mean 
place  of  the  star  at  the  beginning  of  the  year,  will  give  the  ap* 
parent  place  of  the  star  on  the  day  required. 

The  mean  right  ascension  and  polar  distance  for  the  epoch  of 
the  catalogue  is  reduced  to  that  of  the  current  year,  by  adding 
OS  many  times  the  annual  precession  in  right  ascension  and 
polar  distance  as  the  number  of  whole  years  elapsed  since  the 
given  epoch. 

Example.  Required  the  apparent  right  ascension  and  north 
polar  distance  of  y  Ononis,  on  December  5, 1882,  for  midnight, 
at  Greenwich. 
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Mean  R>  A.,  Janu- 
ary 1,  1850  .  ,  .  5  17     5,31 

32  years'  precession 
and  proper  motion        1  48.04 

Mean  R.  A.,  Janu- 
ary 1,  1882    .  .  .5  IS  48.35 


LAgarllhrni.  Nut  Not. 

+8.0963 

+  0.7184 

+8.8147        +0.065 

+  8:818§ 

+  1.2930 

+0JTl8        +1.294 

+  575070 

+0.0718 

+  0.5788        +3.791 

+7^304 

+08105 

+7.9409        +0.009 


Mean  P.  D.,  Janu- 
ary 1,  1850   .  .  .83  47  27.7 

32  years'  precession 
and  proper  motion      —  1  69.0 

Mean  P.  D.,  Janu-  ~~ 

ary  1,1882    .  .  .  83  45  28.7 

Loearithm*.  K»t  Not. 

a'  -9.5120 

A  +0.7184 

Aa'  -0:2lQ4  -1.70 

i'  -873039 

B  +1.2930 

Bi'  -9.5969  -0.40 

c"  -0.5721 

C  +0.0718 

Cc"  ^06439  -4.40 

d'  +9:9923 

D  +08105 

Dd'  +0.8028  +6.S5 

Correction  of  P.  D.=  -0.15 


Correction  of  R,  A*=  +5.159 

Hence  the  apparent  ri^ht  ascension  of -^  Orionis, 

=5k  18m.  48.35s.  +  5.16s.  =^5h.  ISm,  53.51s.; 
and  the  apparent  north  polar  distance, 

^Sr  45'  28".7^0"M=83"  45'  28".6. 
The  mean  right  ascension  on  the  1st  of  January  of  the  year 
of  observation  may  he  found  by  applying  to  the  apparent  ob* 
served  right  ascension  the  above  correction  with  the  contrary 
sign. 


DIURNAL    ABERRATION    OF    LIGHT. 

(234.)  The  diurnal  aberration  of  hght  is  a  phenomenon  result- 
ing from  the  movejuent  of  li^ht,  combined  with  the  rotation  of 
the  earth  on  its  axis;  and  it  tlifiers  from  the  annual  aberration 
merely  in  consequence  of  the  difference  between  the  velocity  of 
the  earth  on  itf^  axis,  and  its  velocity  in  its  orbit. 

The  velocity  of  rotation  of  a  point  on  the  equator  is  to  the  ve- 
locity of  the  earth  in  its  orbit  as  1  to  65.82 ;  and,  since  tlie  an- 
nual aberration  is  20'',445,  the  diurnal  aberration  will  be 
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0^^3107  in  arc, 
or  0.0207a  in  sidereal  time* 

(235.)  This  is  the  diurnal  aberration  of  a  star  on  the  equator 
for  a  place  situated  on  the  equator  ;  but  for  a  place  in  latitude* 
^,  the  circle  of  diurnal  rotation  being  less  than  at  the  equator, 
in  the  ratio  of  radius  to  the  cosine  of  the  latitude,  the  aberration 
will  be  equal  to 

OMOls,  COS.  <!>. 
If  the  star  be  not  in  the  equator,  this  expression  denotes  only 
the  aberration  on  the  parallel  of  the  star's  declination ;  and  in 
order  to  reduce  it  to  the  celestial  equator,  or  to  the  value  of  the 
aberration  in  right  ascension,  it  must  be  multiphed  by  the  se- 
cant of  the  star-s  declination.  Hence,  if  (^  denote  the  latitude 
of  the  place,  and  S  the  declination  of  the  star,  then  the  correction 
in  time  for  the  upper  transit,  on  account  of  daily  aberration,  is 

4- 0,0207s.  cos.  ^  sec.  d; 
and  for  the  lower  trajisit, 

-0.0207s.  COS.  ^sec.  6. 


METHOD    OF    SOLVING    EQUATIONS    OF    CONDITION. 

(236.)  In  astronomical  researches  it  is  frequently  required  to 
determine  the  values  of  several  quantities  from  a  large  number 
of  simple  equations,  which  are  called  equations  of  cmidition.  ; 
and  when  the  number  of  independent  equations  is  greater  than 
the  number  of  milaiown  quantities^  these  equations  can  not  be 
perfectly  satisfied,  and  we  can  only  obtain  more  or  less  probable 
values  of  the  unknown  quantities.  The  given  equations  may 
be  combined  in  a  variety  of  ways,  and  each  mode  of  combina- 
tion wilt  furnish  diflerent  vahies  of  the  unknown  quantities. 
Hence  it  is  a  question  of  the  highest  importance  to  determine 
in  what  manner  these  equations  should  be  combined,  so  as  to 
furnish  the  most  probable  values  of  the  unknown  quantities. 
Thus,  for  example,  if  our  observations  have  furnished  the  four 
equations^ 

x-  y-f22  =  3 (1) 

3a:+2.fy-52:^5 (2) 

4x^   3/-f  42  =  21  . (3) 

-x^2yV^z  =  U.  ...,...,  (4) 
and  it  is  required  to  find  the  values  of  x<,  y,  and  s,  we  may  pur- 
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sue  various  methods,  and  we  shall  obtain  various  results  for 
these  quantities. 

(237.)  A  method  frequently  practiced  consists  in  rendering 
the  coelficients  of  one  of  the  unknown  quantities,  as  Xj  positive  in 
all  the  equatioasj  and  then,  by  adding  all  the  equations  together, 
obtaining  a  new  eq^uation,  in  which  the  coefficient  of  x  is  the 
greatest  possible.  In  a  similar  manner,  by  rendering  the  co* 
efficient*^  of  p  positive  in  all  the  equations,  and  then  adding  all 
the  equations  together,  we  obtain  a  new  equation,  in  which  the 
coefficient  of  ^  is  the  greatest  jK>ssiblo.  Proceeding  in  the  same 
manner  with  each  of  the  other  nnknown  quantities,  we  shall 
have  as  many  new  equations  as  there  are  unknown  quantities, 
and  these  equations  may  be  readily  solved  by  tlie  ordinary  rules 
of  algebra.  Thus,  by  changing  the  signs  of  all  the  terms  in 
equation  (4),  and  adding  the  equations  together,  we  obtain 

9x-i/-2z^l5.  . (5) 

Changing  the  signs  in  equation  (1),  wo  obtain,  in  the  same 
manner, 

53;+7^=37 (6) 

Changing  the  signs  in  equation  (2),  we  obtain,  in  a  similar 
manner, 

x+tj+U2^22 (7) 

From  equatioi^  (5),  (6),  and  (7),  by  the  nsual  method  of  clim*l 
ination,  we  obtain  the  values 

x=2AS53;  fj=2M05;  r=rL928a 

The  method  practiced  by  Tobias  Mayer  consisted  in  combining 
the  given  equations  by  addition,  subtraction,  etc.,  in  such  a  man^ 
ner  that  one  of  the  unknown  quantities,  as  z,  should  have  a  very 
large  coefficient  in  the  resulting  equation,  and  the  other  unknown 
quantities  should  have  small  coefficients.  Another  combination 
would  furnish  a  final  equation,  in  which  only  y  should  have  a 
large  coefficient ;  and  so  for  each  of  the  unknown  quantities. 

(238.)  Methods  similar  to  the  preceding  are  frequently  used^ 
by  astronomers,  on  account  of  their  convenience ;  but  Legendre 
has  demonstrated  that  the  most  probable  values  of  the  unknown 
quantities  are  those  which  render  the  sum  of  the  squares  of  all 
the  errors  the  least  possible.  This  method  is  accordingly  called 
the  method  of  ieast  squares. 

If  we  substitute  in  equation  (1)  tlie  values  of  a;,  y,  and  z^ 
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above  giveiij  we  shall  find  that  the  second  member  of  the  ecjua- 
tion  reduces  to  2.8326  instead  of  3,  showing  that  these  values 
do  not  perfectly  satisfy  the  eqnation.     A  similar  remark  apphes 
to  equations  (2),  (3),  and  (4).      If,  then,  we  transpose  all  the 
terms  to  one  member  of  the  equation,  the  sum  of  the  terms  will 
not  reduce  to  zero,  but  will  be  equai  to  a  small  quantity,  e.     If 
these  equations  were  deduced  from  observation,  e  may  be  re- 
garded as  the  error  of  ono  of  the  observations.     The  equations 
may  therefore  be  expressed  under  the  form 
€  =a  +6x   +cp  -j-dz 
e'  -a'  +b'z  -\-c'y  -\-d'z 
&*  -  a''  +  b''x  +  &'y + d''z 
etc.  etc. 

There  will  be  as  many  of  these  equations  as  there  are  obser- 
vations. For  convenience,  let  us  denote  all  tlie  terms  of  the 
second  members  of  the  equations  which  are  independent  of  x, 
by  M,  M',  etc.,  and  we  shall  have 

e  ^bx   +M 
e'  =b'x  ^W 

etc.       etc. 

Taking  the  sum  of  the  squares  of  these  equations,  we  shall 
have 

e2+e^+^'^=»+,  ^iii={bx^lAf-¥{b'x+Wf-¥{b''x+WY^,  etc. 

(239*)  According  to  the  principle  above  stated,  tliis  quantity 
must  be  made  a  minimum,  whicli  is  done  by  putting  its  first  dif- 
ferential coefficient  equal  to  zero.  If  we  consider  only  the  un- 
known quantity  2:,  we  shall  have,  after  dilTerentiating  and  di- 
viding by  2dXy 

0  =  b{hx  +  M)  +  b'{b'x  +  M')  +  b"{b''x  +  W%  etc* ; 
that  is,  to  form  (he  equation  that  g^ives  a  minimmnfor  any  ane 
of  the  unknmvn  quantities,  as  x,  we  must  multiply  each  equa- 
lion  of  condition  by  the  coefficient  of  x  in  that  equation^  taken 
with  its  proper  sig'n,  ami  put  the  sum  of  ail  these  products 
equal  to  zero.  We  must  proceed  in  the  same  manner  for  y^  z, 
etc.,  and  we  shall  obtain  as  many  equations  of  the  first  degree 
as  there  aro  unknown  quantities,  whose  values  may  then  be  ob- 
tained by  the  usual  mode  of  elimination. 

To  apply  this  method  to  the  example,  on  page  221,  we  must 
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raultiply  equation  (1)  by  1 ;  equation  {2)  by  3;  equation  (3)  hy 
4  ;  and  equation  (4)  by  —1,  and  we  shall  obtain 
x-  p-\-  2z-  3^0 

16a:-h4^  +  16z-84=-0 
x-Sf/-  32  +  14z=0 

Putting  the  sura  of  these  equations  equal  to  zero,  we  obtain 

27a;+6^^88==0 (S) 

We  must  now  multiply  equation  (1)  by  —  1 ;  equation  (2)  by 
2 ;  equation  (3)  by  1 ;  and  equation  (4)  by  3,  and  we  shall  obtain 
~x+  y-  2z-f  3  =  0 
6x4-4^-102?- 10-0 
4x+  y+  4^-21^0 
«ac+9y+  92-42  =  0 
Putting  the  sum  of  these  equations  equal  to  zero,  we  obtain 
6a:+15^+3^70  =  0  .  .......  (9) 

We  must  also  multiply  equation  (1)  by  2 ;  equation  (2)  by  —  5 ; 
equation  (3)  by  4 ;  and  equation  (4)  by  3,  and  we  shall  obtain 
2x-  2i/+  4::--   6  =  0 
-15^-10y  +  25r  +  25=0 
16a;+  47/+16::r-84  =  0 
—  3x-f  9i^-f  9^-43  =  0 
Potting  the  sum  of  these  equations  equal  to  zero,  we  obtain 

y4.54^-107  =  0 (10) 

By  comparing  equations  (8),  (9),  and  (10)  in  the  usual  mode 
of  elimination,  we  obtain  tlie  values 

35  =  2.4702;  y  =  3.5509;  z=1.9157. 
If  wo  substitute  in  equations  (1),  (2),  (3)»  and  {4),  of  page  221, 
tho  values  found  in  Art.  237,  we  shall  find  the  errors  of  these 
several  equations  to  be 

_  1G74,  -.1676,  +1673,  -.1671; 
the  sum  of  whose  squares  is 

0.1120. 
If  we  substitute  in  the  same  equations  the  values  last  found, 
we  shall  find  the  errors  of  these  several  equations  to  be 

--.2493,  ^.0661,  +.0945,  -,0704; 
the  sum  of  whose  squares  is 

0.0804. 
The  sum  of  the  squares  of  the  errors  resulting  from  employ- 


ing  the  last  obtained  values  of  x,  y,  and  r,  is  less  than  that  re- 
sulting from  the  former  values ;  and  henocj  according  to  the 
principle  of  LegendrCj  the  last  values  have  a  greater  prohability 
in  theii  favor  than  the  former. 

An  example  of  the  application  of  this  method  will  be  found 
on  page  334. 


Griven  the  raoon'a  right  ascension,  as  follows 


859,  August  25,    Oh. 

R.  A. 

=  7h. 

43m. 

7.05s 

12 

8 

14 

12.80 

26,    0 

8 

44 

34.81 

12 

9 

14 

9.29 

27,    0 

9 

42 

56.19 

12 

10 

10 

58.55 

Reciuired  the  moon's  right  ascension  August  26,  at  5h. 

2.  Required  the  apparent  right  ascension  and  north  polar  dis- 
tance of  a  Lyrfc  (see  page  446)  August  19,  1859. 

3.  Given  the  equations 

3z+4y=16, 
5x-3^=14, 
7a:-6y=17, 

to  find  the  most  probable  values  of  x  and  f/. 

4.  Required  the  mean  time  of  opposition  in  right  ascension 
of  the  sun  and  moon  Feb,  16,  1859,  from  the  following  data : 


DaM. 

Sun'i 

iBIfHi 

Ajcei&alDD. 

MooD'i  Rigbc  Aice]i«iofi« 

h. 

h. 

m. 

m. 

h.          m.             m. 

Feb.  16,    21 

22 

1 

33.87 

9    68      3.57 

22 

22 

1 

42.54 

10      0    21.89 

23 

22 

1 

52.21 

10      2    39.85 

24 

22 

2 

1.88 

10      4    57.45 

5,  Required  the  hourly  motion  of  the  moon  from  the  sun 
February  16,  1859,  at  22h.  37m,  42s,,  according  to  the  pre- 
ceding  data* 
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ECLIPSES  Of  THE  MOON, 

(240,)  The  time  of  beginning  or  end  of  a  lunar  eclipse  at 
any  place  may  be  found  by  adding  its  longitude  to  the  times 
given  in  the  Nautical  Almanac  for  the  meridian  of  Wa&hiogton 
when  the  longitode  is  east^  or  subtracting  the  longitnde  when 
it  is  west  The  times  given  in  the  Nautical  Ahnanac  may  be 
deduced  from  the  right  ascensions,  dechnations,  etc.,  of  the  sun 
and  moon,  by  the  following  method. 

An  eclipse  of  the  moon  can  only  happen  at  the  time  of  full 
moon*  If  the  moon  at  that  time  is  within  about  12  degrees  of 
one  of  its  nodes,  there  may  be  an  eclipse.  To  find  whether  there 
will  be  one,  and  to  calculate  the  times  and  pliases^  proceed  as 
follows : 

(241^)  Find  the  Washington  mean  time  of  opposition  in  right 
ascension  by  the  Nautical  AlmanaCj  in  the  manner  explained 
in  Art.  225.  For  this  time  compute  the  declination,  horizontal 
parallax,  and  semi^diameter,  both  of  the  son  and  moon ;  also 
the  hourly  motion  of  the  moon  from  the  sun,  both  in  right  as- 
cension and  declination,  as  explained  in  Art.  226. 

Let  C  represent  the  centre  of  the  earth's  shadow  (see  figure 
on  page  opposite),  whose  right  ascension  is  the  same  as  that  of 
the  sun,  increased  by  12  hours,  and  its  declination  is  the  dec- 
lination of  the  sun,  with  a  contrary  sign.  Let  DCM  he  a  me- 
ridian paasing  through  the  centre  of  tlie  shadow,  and  ACB  a 
great  circle  |>erpendicular  to  it.  Select  a  convenient  scale  of 
equal  parts,  and  from  it  take  CG,  equal  to  the  moon's  declina- 
tion, minus  the  declination  of  the  centre  of  the  shadow,  and 
set  it  on  CD,  from  C  to  G,  above  the  line  AB,  if  the  centre  of 
the  moon  is  north  of  the  centre  of  the  shadow,  but  below  if 
south.  Take  CO,  equal  to  the  hourly  motion  of  the  moon  from 
the  sun  in  right  ascension,  reduced  to  the  arc  of  a  great  circle, 
and  set  it  on  the  line  CB,  to  the  right  of  C.  Take  CP,  e(iiTaI 
to  the  moon's  hourly  motion  from  the  sun  in  declination,  and 
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set  it  on  the  line  CD,  from  C  to  P,  above  the  line  AB»  if  the 
moon  is  moving  northward  v^rith  respect  to  the  shadow ;  below, 


N/ 


if  moving  southward.  Join  the  points  0  and  P.  The  Une  OP 
will  represent  the  hourly  motion  of  the  moon  from  the  sun  ;  and 
parallel  to  it,  through  G,  draw  NGL,  which  w^ill  represent  the 
relative  orbit  of  the  moon,  the  earth's  shadow  being  supposed 
stationary.  On  this  line  are  to  be  marked  the  places  of  the 
moon  before  and  after  opposition,  by  means  of  the  hourly  mo- 
tion OF,  in  such  a  manner  that  the  moment  of  opposition  may 
fall  exactly  on  the  point  G. 

(242.)  The  semi-diameter  of  the  earth's  shadow  is  equal  to 
the  horizontal  parallax  of  the  moon,  plus  that  of  the  sun,  miims 
the  sun's  semi-diameter;  wliieh  result  must  be  increased  by 
^th  part,  on  account  of  the  earth's  atmosphere.  With  this 
radius  describe  the  circle  ADB  about  the  centre  C,  Add  the 
moon's  semi-diameter  to  the  radius  CB,  and  with  this  sum  for 
a  radius,  describe  about  the  centre  C  a  circle,  which,  if  there 
be  an  eclipse,  will  cut  NL  in  two  points,  E  and  H  representing 
respectively  the  places  of  the  moon^s  centre  at  the  tieginning 
and  end  of  the  ecUpse.  Draw  the  line  CKR  perpendicular  to 
LN,  and  cutting  it  in  K.     The  hours  and  minutes  marked  on 
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the  line  LN,  at  the  points  E,  K,  and  H,  will  represent  respect- 
ively the  times  of  the  beginiiing  of  the  eclipse,  middle  of  the 
echpse,  and  end  of  the  ecUpse.  If  the  circle  does  not  intersect 
NL,  there  will  be  no  eclipse.  With  a  radios  equal  to  the  moon's 
semi-diameter,  describe  a  circle  about  each  of  the  centres,  E,  H, 
and  K,  If  the  eclipse  is  total,  the  whole  of  the  circle  about  K 
will  fall  within  ABB  ;  but  if  part  of  the  circle  falls  without 
ARB,  the  ecUpse  will  be  partial  In  either  case  the  magnitude 
of  the  eclipse  will  be  represented  by  the  ratio  of  the  obscured 
partj  RI,  to  the  moon's  diameter.  When  tlio  eclipse  is  total, 
the  beginning  and  end  of  total  darkness  may  he  found  by  taking 
a  radius  equal  to  CB,  dioiinished  by  the  moon's  serai-diameter, 
and  describmg  with  it,  round  the  centre  C,  a  circle,  cutting  LN 
in  two  points,  representing  respectively  the  points  of  beginning 
and  end  of  total  darlcness. 

Example  1. 

(243.)  Required  the  times  of  beginning,  end,  etc.,  of  the 
eclipse  of  the  moon,  October  24,  1855,  at  Washington  Observ- 
atory. 

By  the  Nautical  Almanac,  the  Washington  mean  time  of  op- 
position in  right  ascension  is,  October  24,  14k  10m.  29.6s., 
which  result  differs  somewhat  from  that  found  on  page  211. 
Corresponding  to  this  time,  the  Nautical  Almanac  furnishes  the 
following  elements : 

Declination  of  the  moon N.  11  42  26.9 

Declination  of  the  earth's  shadow N.  1156  48.0 

Moon-a  equatorial  horizontal  parallax  .  ,  .  ,  59  45.S 

Sun's  horizontal  parallax    ,  .  , 0    8.6 

Moon's  semi-diameter 16  19.2 

Sun's  semi-diameter 16    7*9 

Moon's  hourly  motion  in  right  ascension  .  .  33  22.1 

Sun's  hourly  motion  in  right  ascension  ...  2  23.4 

Hourly  motion  of  moon  in  decUnation  ...        N.  15  39,8 
Hourly  motion  of  shadow  in  declination   .  .        N.    0  t52.1 


The  figure  of  the  earth  being  spheroidal,  that  of  the  shado\T 
will  deviate  a  little  from  a  circle,  so  that  to  have  a  mean  ra- 
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dius  the  horizontal  parallax  of  tho  moon  should  be  reduced  to  a 
mean  latitude  of  45-^*  This  reduction,  by  Table  XIV.,  is  5'\9; 
so  that  the  moon's  reduced  parallax  is  59"  39  .9.  Then,  to  ob- 
tain CB,  the  semi-diameter  of  the  earth's  shadow,  we  have  59' 


S9''.9+8'\6- 16'  7".9,  which  is  equal  to  43'  40^^(3. 
this  by  -^th  part  of  itself,  or  43^  \7,  we  have  44'  24"',3==CB  ; 
to  wliich  adding  tlie  moon's  semi-diameter,  wa  obtain  CE=60^ 
43 '".5.  From  the  centre  C,  with  a  radius  CB,  taken  from  a  con- 
venient scale  of  equal  parts,  describe  the  circle  ARB,  repre.sent- 
ing  the  earth's  shadow.  Draw  the  line  ACB  to  represent  a  par- 
aUel  to  the  equator^  and  make  CGr  perpendicular  to  it,  equal  to 
14^  21^M,  which  is  the  moon's  declination,  minus  the  declina- 
tion of  the  centre  of  the  shadow ;  tlie  point  Gr  being  taken  be- 
low C,  because  the  centre  of  the  moon  is  south  of  the  centre  of 
the  shadow. 

The  hourly  motion  of  the  moon  from  the  sun  in  right  ascen- 
sion is  30'  58'^7,  which  must  be  reduced  to  the  aro  of  a  great 
circle  by  multiplying  it  by  the  cosine  of  the  moon's  declination, 
11^  42'^  26^^9,  Art.  72,  thus : 

t3CK  o8^'.7^  1858 '.7  =  3,269209 
ct^,  Dec.=  9.990870 

R6< 
Ma 


Eeduoed  hourly  motion  =  182(^^0 =3,260079 

Make  CO  equal  to  1820^^0,  and  CP,  perpendicular  to  it,  equal 
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to  14'  47^^7,  which  is  the  hourly  motion  of  the  moon  from  the 
shadow  in  deelination,  the  jioint  ?  being  placed  above  C,  because 
the  moon  was  moving  northward  with  respect  to  the  shadow. 
Join  OP ;  and  parallel  to  it,  through  Qy  draw  the  hne  NGL, 
which  represents  the  path  of  tlic  moon  with  respect  to  the 
shadow.  On  NL  let  fall  the  perpendicular  CK.  Now  at  14h. 
10m,  29.6s.  the  moon's  centre  was  at  G.  To  find  Xj  the  place 
of  the  moon's  centre  at  14h,,  we  must  institute  tlie  proportion 

eOm.ilOm,  2a6s/::OP:GX; 
which  distance,  set  on  the  lino  GN,  to  the  right  of  G,  reaches 
to  the  point  X,  where  the  hour,  14h,  preceding  the  full  moon,  is 
to  be  marked.  Take  the  hue  OP,  and  lay  it  from  14h.,  toward 
the  right  hand,  to  13h.,  and  successively  toward  the  left  ijo  15h-^ 
16h.,  etc.  Subdivide  these  lines  into  60  equal  parts,  represent- 
ing minutes,  if  the  scale  will  permit;  and  the  times  correspond- 
ing to  the  points  E»  K,  and  H  will  represent  respectively  the  he- 
ginning  of  the  eclipse,  12h.  36m, ;  the  middle  of  the  eclipse,  14L 
22m, ;  and  the  end  of  the  eclipse,  IBh.  7to. 

If  the  results  obtained  by  this  method  are  not  thought  to  be 
sufficiently  accurate^  we  may  institute  a  rigorous  computation. 


COMPUTATIOJi    OF  ECLIPSE. 

(244,)  The  phases  of  the  eclipse  may  be  accurately  calculated 
in  the  following  manner : 

In  the  right-angled  triangle  OCP,  we  have  given  CO  — 1820'. 0 
and  CP=887^',7,  to  find  OP  and  the  angle  CPO,  thus: 
CP:R::CO:tang,  CPO. 

CO  =-1820^0  =  3.260079 
CP=  887^^7^2,948266 
CPO=63^  59'  59'^  tang.  =  0.311813 
Also,  sin.  CPO:R::CO:0R 

CO  =  3,260079 
sin.  CP0=9.953659 
OP  ^  2025  ^0  =  3.306420 
The  angle  CPO  is  equal  to  CGK,  because  GE  and  OP  are 
parallel     Then,  in  the  triangle  CGE,  we  have  the  angle  CGE 
=  116*^  O'  l"*';  CG,  the  diflerence  of  declination  between  the 
moon  and  the  centre  of  the  shadow,  =  14'  21''',1  ^SGl'M  ;  and 
the  hne  CE  =  60'  43''.5  =  3643'^5,  to  find  the  other  parts  of  the 
triangle,  thus : 
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CE  :  am,  CGE  ::  CG :  sin.  CEG. 
CE  fomp.- 6.438491 
sin.  CGE  =  9.953659 
CG= 2.935054 
CEG  =  12^  15'  51'^  sm=: 9.327194 
Therefore  the  angle  ECG  =  51^  44^  8  ^     Then 
sin.  CGE  :  CE  ::  sin.  EGG  :  EG. 
sin.  CGE  com/?.  =  0.046341 
CE  =  3.561519 
sin.  ECG  =  9.894959 
EG  =  3182'^9=3i02819 
Then^  to  find  the  time  of  describing  EG,  we  say, 
As  OP  (2025^^0)  is  to  1  hour,  so  is  EG  (3182'^9)  to  the  time 
(5658.5s.)  Ih.  34m.  18.5s.,  between  the  beginning  of  the  eclipise 
and  the  time  of  opposition  in  right  ascension,  14h,  10m.  29.6s., 
which  gives  the  beginning  of  the  eclipse  12h.  36m.  11.1s. 

The  middle  of  the  echpse  is  found  hy  means  of  the  triangle 
CGK,  which  is  similar  to  CPO,  in  which  the  angles  and  hy- 
pothenuse  are  given  to  find  CK  and  KG.     We  have 
R  :  CG ::  sin.  CGK  :  CK  ::  cos,  CGK :  GK. 
sin.  CGK  =  0.953659  cos.  CGK  =  9.641846 

CG  =  2^935054  CG  =  2.935054 

CK  =  774  ^0  =z 2  888713  GK  =  37r  .5  =  2.576900 

To  find  the  time  of  describing  GK,  we  form  the  proportion 
2025^^0;  3600s. ::  377''.5 :  671.1s.  =  Um.  11.1s. ; 
which  being  added  to  14h.  10m.  29.63,,  because  the  point  K  falls 
to  the  left  of  G,  gives  the  time  of  the  middle  of  the  eclipse,  14h. 
21m.  40.7s.  Subtract  the  time  of  beginning,  12h.  36m.  11.1s., 
from  the  time  of  middle,  we  obtain  for  half  the  duration  of  the 
eclipse  Ih.  45m.  29J3s. ;  which,  added  to  14h.  21m.  40.7s.,  gives 
for  the  end  of  the  eclipse  16h.  7m.  10.3s. 

Subtracting  CK,  12'  54^'.0,  from  CR,  44'  24".3,  we  have  KR, 
31'  30'^3;  to  which  adding  KI,  16^  19 '.2,  we  obtain  RI,  47' 
49".5.  Dividing  this  by  the  moon's  diameter,  32'  38'^4,  we  ob- 
tain the  magnitude  of  the  echpse,  1.465  (the  moon's  diameter 
being  unity) ;  and  the  eclipse  takes  place  on  the  moon's  nortli 
limb. 

(245.)  The  beginning  and  end  of  total  darkness  may  be  found 
in  the  same  manner.     With  a  radius  equal  to  CB,  diminished 
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by  the  moon's  semWiameter  (that  is,  44'  24".3  — 16'  19'^2» 
which  equals  28'  S'M,  or  1685M),  describe  about  the  centre 
C  a  circle,  cutting  LN  in  the  points  S  and  T,  which  will  repre- 
sent the  points  of  beginning  and  end  of  total  darkness. 

In  the  triangle  CGS,  CG  =  861'M,  CS^1685'M,  and  the  an- 
gle CGS=116°  0'  1  ^     Hence  we  have 

CS :  sin.  CGS :;  CG  :  sin.  CSG. 

CS  comp.^QJ73374 

sin.  CGS  ^9,953659 

CG  =  2^935054 

CSG=27o  20^  29'^  sin.=9.662087 

Therefore  the  angle  SCG=:36<^  39'  30".     Then 

sin.  CGS:CS::sin.  SCG:SG. 

sin.  CGS  com/?. -0.046341 

CS=3.226626 

sin.  SCG  =9.776005 


GS  =  1119'4=3.048972 
Then,  to  find  the  time  of  describing  GS,  we  say, 

2025  ^0 :  3600s. ::  1119".4 :  1990.0s.  =  33m.  10.0s. ; 
which,  being  sobtraeted  from  14h.  lOra.  29.6s.,  gives  the  be- 
ginning of  total  darkness,  13h.  37ra.  19.6s.  Subtracting  this 
from  the  time  of  middle,  we  obtain,  for  half  the  duration  of  total 
darkness,  44m»  21.1s.,  wliich,  added  to  14h.  21m.  40.7s.,  gives, 
for  the  end  of  total  darkness,  15h.  6m.  1.8s. 

(246.)  The  contacts  with  the  penumbra  may  be  found  in  a 
similar  manner.  The  semi-diameter  of  the  penumbra  is  equal 
to  the  serai-diametor  of  the  shadow,  plus  the  sun's  diameter,  or 
44'  24^',3  +  32'  15".8  =  76'  40'M.  If  we  take  the  circle  ARB, 
in  tlie  figure  on  page  229,  to  represent  the  limits  of  the  penum- 
bra, CE  will  be  efjual  t;o  76'  40".1  +  16^  19".2  =  92'  59^3. 
Then,  in  the  triangle  CGE^  we  have  given  the  angle  CGE 
=  116^  0^  V,  CG  =  861".l,  and  CE=5579'^3,  to  find  GE, 
thus :  CE :  sin.  CGE  ::  CG :  sin.  CEG. 

CE  com;?. =6.253420 

sin.  CGE -9.953659 

CG =2.935054 

CEG=7^  58'  25''  sin.  =  9J42133 

Therefore  the  angle  ECG  =  56^  1'  34'^     Then 


Eclipses  of  the   Moqn. 


sin,  CGE  :  CE ;:  sin,  ECG  :  EG, 

sin.  CGE  com/?, -0.046341 

CE  =  3,746580 

sin.  ECG^9.918708 

EG=514r^9=a711629 

To  find  the  time  of  describing  EG,  we  say, 
2025  ^0 : 36003. ::  5147  ^9 :  9151,9s,  =  2h,  32m,  31.9s. , 

which,  subtracted  fi"ora  14h,  10m.  29.6s.,  gives  the  first  contact 
with  the  penumbra  at  llh,  37m.  57.7s.  Subtracting  the  time 
of  first  contact  from  the  middle  of  the  eclipse,  14h.  21m.  40.7s. j 
we  have  for  half  the  duration,  2h,  43m.  43.0s, ;  which,  added 
to  14h.  21m.  40.7s.,  gives,  for  the  last  cont-act  with  the  penum- 
bra, 17h,  5m.  23.7s. 

The  results  thus  obtained  are  as  follows : 

First  contact  with  the  penumbra  at .  .  11  37  58 ' 

First  contact  with  the  umbra 12  36  11 

Beginning  of  total  eclipse 13  37  20 

Middle  of  the  eclipse 14  21  41 

End  of  total  eclipse 15    6    2 

La5st  contact  with  the  umbra  ....  -  16    7  10 
Last  contact  with  the  penumbra  ...  17    5  24  J 

Magnitude  of  the  eclipse,  1,465  on  the  northern  limb. 

To  obtain  the  time  for  any  other  place,  we  have  only  to  add 
or  subtract  the  longitude.  For  Cambridge  Observatory,  whoso 
longitude  is  23m,  41.5s,  east  of  Washington,  the  times  will  ac- 
cordingly bo 

A.     m-     *' 

First  contact  with  the  penumbra  at  ,  .  12    1  39 ' 

First  contact  with  the  umbra 12  59  53 

Beginning  of  total  eclipse 14    1    1      Mean  time 

Middle  of  the  eclipse. 14  45  22  ^         at 

End  of  total  eclipse 15  29  43     Cambridge. 

Last  contact  with  the  umbra 16  30  52 

Last  contact  with  the  penumbra  .  ,  .  .  17  29    5  - 

JEx.  2.  Compute  the  phases  of  the  eclipse  of  May  1, 1855,  for 
Cambridge  Observatory,  Longitude  23m.  41,5s.  east  of  Wash- 
ington, from  the  following  elements : 
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Wajshington  mean  time  of  opposition  in 

right  ascension lOh.  49m.  lO.ls. 

Declination  of  the  moon S.  15°    V  24'' A. 

Declination  of  the  earth's  shadow  ....  S.  15    11  32  .0. 
Moon's  equatorial  horizontal  parallax   .  .  57     9  A: 

Sun's  horizontal  parallax 0     8  .5. 

Moon's  semi-diameter 15  35  .6. 

Sun's  semi-diameter 15  54  .1. 

Moon's  hourly  motion  in  right  ascension  .  31  34  .2. 

Sun's  hourly  motion  in  right  ascension  .  2  23  .2. 

Hourly  motion  of  moon  in  declination  .  .         S.  13  10  .1. 
Hourly  motion  of  shadow  in  declination  •         S.    0  45  .1. 

Ans, 

First  contact  with  the  penumbra  at  .  .     8  27  37 

First  contact  with  the  umbra 9  30     6 

Beginning  of  total  eclipse 10  32  40     Mean  timo 

Middle  of  the  eclipse 11  20  49  >         at 

End  of  total  eclipse 12     8  68    Cambridge 

Last  contact  with  the  umbra 13  11  32 

Last  contact  with  the  penumbra    ...  14  14     0 

Magnitude  of  the  eclipse,  1.549  on  the  southern  limb. 


CHAPTER  XL 

ECLIPSES  OF  THE  SUN  AND  0CCULTATI0N3. 

Section    L 
method  or  projecting  solar  eclipses. 
(247.)  In  order  to  ascertain  whether  a  solar  eclipse  will  be 
visible  at  a  particular  place,  and  if  so,  to  determine  its  general 
appearance  J  we  will  suppose  the  spectator  to  be  placed  at  the 
centre  of  the  sun,  to  look  down  upon  the  earth,  and  sec  the 
moon  passing  across  its  disk-     The  earth,  in  that  case,  must  ap* 
pear  to  him  like  a  flat  circular  disk,  as  the  full  moon  does  to  us ; 
and,  on  account  of  the  obliquity  of  tlie  ecliptic,  the  position  of  the 
pole,  as  well  as  the  path  described  by  each  point  on  the  earth's 
fiurface  in  consequence  of  the  diurnal  motion,  must  vary  with 
j-the  season  of  the  year.     At  the  time  of  the  vernal  equinox,  the 
[plane  of  the  equator  passes  through  the  sun ;  the  poles  must 
'  therefore  appear  to  be  situated  upon  the  margin  of  the  disk,  and 
the  equator  inclined  23  J  degrees  to  the  ecliptic,  as  in  Fig.  1, 
where  AB  represents  the  ecUptic,  H^  H'  tlie  poles  of  the  ecUptic, 
EQ,  the  equator,  P,  P'  the  poles  of  the  equator,  and  DB,  AF  par- 
allels of  latitude,  which  appear  to  the  spectator  like  straight 

Fig.  I.  m^.^. 


lines.  At  the  autumnal  equinox  the  parallels  of  latitude  will 
also  appear  as  straight  lines,  hut  the  poles  of  the  earth  will  lie 
on  the  opposite  side  of  the  poles  of  the  ecliptic,  as  represented  in 
Fig,  2.     At  the  summer  solstice  the  north  pole  of  the  earth  will 
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oooupy  the  position  indicated  by  P,  in  Fig,  3 ;  the  south  pole 
ff  the  earth  will  be  invisible,  the  equator  will  occupy  the  posi- 
tion EMQ,  and  the  parallels  of  latitude  will  all  be  projected  into 


eUipses.  At  the  winter  solstice  the  south  pole  of  the  earth  will 
be  seen  as  represented  at  V%  in  Fig.  4 ;  the  north  pole  will  be 
invisible,  and  the  equator  will  occupy  the  position  EMQ.  These 
different  cases  may  all  be  readily  illustrated  by  means  of  a  ter- 
restrial globe, 

(248.)  In  order  to  project  an  ecUpse  of  the  sun,  we  must  first 
represent  the  earth  as  it  would  appear  to  a  spectator  on  the  sun 
at  the  time  proposed.  We  must  then  draw  the  parallel  of  lati- 
tude corresjxjnding  to  the  place  for  which  the  phases  of  the 
eclipse  are  to  be  determined,  and  mark  upon  this  parallel  the 
position  of  the  given  place  for  the  different  hours  of  the  day. 
We  must  then  draw  the  moon*s  apparent  path  across  the  earth's 
disk,  and  mark  the  points  which  it  occupies  at  each  hour  of  its 
transit.  We  must  then  find  that  point  of  the  moon's  path,  and 
the  point  in  the  path  of  the  spectatorj  marked  with  the  same 
times,  which  are  at  tlie  least  distance  from  each  other.  This 
will  indicate  the  time  when  the  ecUp^e  is  greatest.  We  must 
findj  in  the  same  manner,  that  point  of  the  moon's  path,  and  that 
point  in  the  path  of  the  spectator,  which  are  marked  with  the 
same  hour,  and  whoso  distance  from  each  other  is  equal  to  the 
stun  of  the  semi-diameters  of  the  sun  and  moon.  This  will  in- 
dicate the  time  of  beginning  or  end  of  the  eclipse.  This  method 
will  be  easily  understood  from  the  following  example : 
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Example. 

(249.)  Required  the  times  and  phases  of  the  eclipse  of  the 
sun,  May  26,  1854^  at  Boston,  latitude  42^  21'  28'^  N.^  longi- 
tude 4h*  44m.  14s.  AV.  of  Greenwich. 

By  the  Nautical  Almanac,  the  time  of  new  moon  at  Green- 
wich is,  May  26,  8h.  47,1m.  mean  time,  corresponding  to  4h, 
2.9m.  mean  time  at  Boston;  or  4h.  6.1m.  apparent  time,  the 
equation  of  time  being  +3m»  15.4s. 

For  this  time,  the  elements  of  the  eclipse  are  as  follows : 

Sun's  longitude 65^^  12^  32'^ 

Sun's  declination 21=»  11'  17^^  N. 

Moon's  latitude  •  . 21^  30'^=129CK'  N. 

Moon's  hourly  motion  in  longitude    *  .  .  .  1807^". 

Sun's  hourly  motion  in  longitude 144''^ 

Moon's  hourly  motion  in  latitude   .  .  ,  ,  .  167^^ 

Moon's  equatorial  horizontal  parallax  .  .  ,  54''  32'"*6. 

Sun-s  equatorial  horizontal  parallax  ....  8''' .5. 

Moon's  true  semi-diameter 14'  SS'^^.S. 

Sun's  true  semi-diameter    ....*....  15'  48'''.9. 

The  geocentric  latitude  of  Boston,  which  is  to  he  used  in  the 
following  projection,  is  42*^  10^  0^''. 

The  relative  positions  of  the  sun  and  moon  will  be  the  same 
if  we  attribute  to  the  moon  the  effect  of  the  difference  of  their 
parallaxes,  and  suppose  the  sun  to  remain  in  his  true  position. 
This  difference  is,  therefore,  the  relative  parallax,  or  that  which 
influences  the  relative  position  of  the  two  bodies.  The  moon's 
equatorial  horizontal  parallax  is  54^  32^  '*6 ;  its  horizontal  paral- 
lax for  Boston  (Art.  210)  is  54^  27'^6 ;  and  the  relative  paral- 
lax is  54'  19'M,  or  3a59''.l,  which  represents  the  apparent  semi- 
diameter  of  the  earth's  disk,  if  seen  at  the  distance  of  the  mooo 
from  the  earth ;  whUe  14'  53''.5  represents  the  moon's  apparent 
semi-diameter,  seen  from  the  same  distance.  These  numbers 
will,  therefore,  represent  their  relative  magnitude  when  seen  at 
any  distance.  Take,  therefore,  AC  (see  figure  on  next  page), 
equal  to  3259,  from  any  convenient  scale  of  equal  parts,  and  de- 
scribe the  semicircle  ADB  to  represent  the  northern  half  of  the 
earth's  disk  as  seen  from  the  sun,  and  draw  CD  perpendicuJar 
to  AB  for  the  axis  of  the  ecliptic.     Take  the  chord  of  23^  29 
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{equal  to  the  obliquity  of  the  ecliptic) ,  oorresponding  to  the  ra- 
dius AC,  and  set  it  off  on  the  circle  ADB,  upon  each  side  of  D, 
to  E  and  H»  In  this  and  several  subsequent  cases,  when  a 
chord  or  sine  is  required  corresponding  to  a  particular  radius,  it 
is  most  conveniently  obtained  from  a  sector,  but  may  be  derived 
from  any  scale  of  chords  or  sines.  Draw  the  line  EH,  cutting 
CD  in  K,  By  comparing  figures  1,  2,  3,  and  4,  on  pages  235 
and  236j  it  wiU  ho  {>erceived  that  tlie  pole  of  the  earth,  as  viewed 
from  the  sun,  will  appeal"  to  revolve  with  the  seasons  of  the  year 
through  the  line  HKE  ;  and  since  H  is  its  position  at  the  vernal 
equinox,  its  distance  at  any  time  from  H  will  be  equal  to  the 
versed  sine  of  the  sun's  longitude  ;  or  its  distance  from  the  sol* 
pStioe,  K,  will  be  equal  to  the  sine  of  the  difference  between  the 
eun'fl  longitude  and  90°,  or  270°,  Take,  then,  the  sine  of  90° 
-65^  12^5,  that  is,  the  sine  of  24<^  47^5  to  the  radius  EK,  and 
set  it  off  from  K  to  P,  which  will  be  the  place  of  the  pole  of  the 
earth.  Draw  CP,  and  produce  it  to  cut  the  circle  ADB  in  M. 
The  line  CP  represents  the  northern  half  of  the  earth-s  axis. 

(250.)  We  wish  now  to  represent  the  parallel  of  latitude  of 
Boston,  or  the  path  of  Boston  on  the  earth's  disk,  as  seen  from 
the  sun.  If  tJio  latitude  of  the  place  were  just  equal  to  the  sun's 
declination,  the  sun  would  be  vertical  at  noon,  and  Boston  w^ould 
be  seen  precisely  at  the  centre  of  the  disk  at  C ;  but  since  the 
latitude  exceeds  the  sun's  dechnation  by  20*^  59^  Boston  must 
be  seen  that  distance  north  of  the  point  wiiere  the  sun  is  verti- 
cal, which,  when  projected  on  the  diskj  becomes  the  sine  of  the 
arc,  measured  from  C  on  the  axis  CP,  Take,  then,  the  sine  of 
20°  59'  to  the  radius  AC,  and  set  it  off  from  C  to  12.  This 
point  will  be  the  apparent  position  of  Boston  at  noon. 

If  the  earth  were  transparent,  Boston  w^ould  be  seen  at  mid- 
night somew^here  upon  the  line  CM,  and  north  of  the  point  12. 
The  point  antipodal  to  that  at  which  the  sun  is  vertical,  and 
which  also  woulil  be  seen  at  C,  is  as  many  degrees  south  of  the 
equator  as  the  sun's  declination  is  north.  Hence  the  distance 
of  Boston  from  this  point  at  midnight  must  be  equal  to  the  lati- 
tude of  the  place  added  to  the  sun's  declination,  which  amounts 
to  63^  21^  With  the  radius  AC,  take  the  sine  of  63-'  21%  and 
set  it  off  from  C,  upon  the  line  CP,  to  S.  The  point  S  will  rep- 
resent the  apparent  plaC'C  of  Boston  at  midnight. 
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The  line  12,  S  is  the  shortest  diameter  of  the  ellipse  into  wliich 
the  parallel  of  latitude  appears  projected,  from  being  seen  ob- 
lii]uely.  The  jwint  T^  midway  between  12  and  S,  is  its  centre ; 
and  the  line  6,  6  drawn  through  T,  perpendicular  to  CM,  is  its 
longest  diameter.  The  lino  6,  6  not  being  shortened  by  being 
seen  obliquely^  ^vill  appear  of  the  length  of  the  radius  of  the  par- 
allel, which  is  equal  to  the  oosine  of  the  latitude.  The  comple- 
ment of  the  latitude  of  Bost-on  is  47°  50' ;  and  setting  off  its 
sine  each  way  from  T  to  6  and  6,  we  find  the  extremities  of  the 
longest  diameter,  w^hioh  must  be  tlie  points  on  the  disk  where 
Boston  will  bo  seen  at  six  o'clock  in  the  morning  and  at  six 
o'clock  in  the  evening. 

(251,)  The  position  of  Boston  at  any  other  hour  of  the  day 
may  be  found  as  follows :  With  a  radius  equal  to  Tj  6,  take  tlie 
sine  of  15*^  (corrcs{M)nding  to  one  hour),  and  set  it  off  on  each 
side  of  the  point  T  to  the  points  marked  15^:  In  the  same  man* 
ner,  set  oil  the  smes  of  30^,  45°,  60°,  and  75°.  Through  these 
points  draw  lines,  as  in  tli©  figure,  parallel  to  CM,  With  a  ra- 
dius equal  to  ST,  take  the  sine  of  75°,  and  sot  it  off  on  the  line 
1, 11,  from  the  ]wint  marked  15°,  above  and  below  the  line  6,  6, 
In  the  same  manner,  set  off  the  sines  of  60°,  45^,  30°,  and  15°, 
from  the  points  marked  30°,  45°,  60°,  and  75°.  The  points  1, 
2,  3,  etc.,  obtained  in  this  manner,  will  represent  the  situation 
of  Boston  at  those  hours,  and  an  ellipse  drawn  through  these 
points  will  represent  its  apparent  path.  The  hoiu^s  must  be 
marked  from  noon  toward  tho  rightt  in  succession,  round  the 
curve.  The  path  touches  the  circle  ADB  in  two  points,  repre- 
senting the  points  of  snnrising  and  sunsctting,  which,  in  the 
present  figure,  are  4  J  A.M.  and  7 J  P.M.  Theso  points  divide 
the  path  into  two  parts,  of  which  ono  represents  the  path  by  day 
and  the  other  by  night. 

(252.)  We  wish  now  to  represent  the  moon's  apparent  path 
across  the  earth's  disk.  From  the  same  scale  upon  which  AC 
was  measured,  take  an  interval  equal  to  the  moon's  latitude, 
1290",  and  apply  it  on  CD,  from  C  to  G,  above  the  line  ACB, 
because  the  moon's  latitiade  is  uortL  Take  CO,  equal  to  1663"^ 
tho  hourly  motion  of  tho  moon  from  the  sun  in  longitude,  and 
set  it  on  the  line  CB,  from  C  to  0.  Draw  OR  ^perpendicular  to 
CB,  and  make  it  equal  to  167^^,  the  moon's  hour/y  motion  in  lat> 
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itude,  and  set  it  above  the  line  ACB,  because  the  moon  is  going 
northward.  Draw  the  line  CR,  which  represents  the  hourly  mo- 
tion of  the  moon  from  the  sun  on  the  relative  orbit ;  and  paral- 
lel to  this  line,  draw  the  relative  orbit  of  the  mooo,  LGN,  on 
which  are  to  be  marked  the  places  of  the  moon  before  and  after 
the  conjunction,  by  means  of  the  hourly  motion,  CR,  so  that  the 
moment  of  the  new  moon  at  Boston  may  fall  exactly  on  the 
point  G,  where  the  new  moon  is  at  4h.  6m.  This  may  bo  done 
by  instituting^  the  proportion 

60m. :  the  line  CR ::  6m. :  the  line  G,  IV. 

This  distance  is  to  he  set  off  on  the  line  GL,  from  G,  toward 
the  left,  to  the  point  IV,  tho  place  of  the  moon  at  four  o'clock. 
Then  the  distance  CR  being  taken  in  the  compasses,  and  set 
from  IV,  both  toward  the  right  and  left,  as  often  as  may  be  nec- 
essary, gives  the  places  of  tlie  moon's  centre  at  3,  4,  5,  6,  etc., 
o'clock,  by  apparent  time.  These  hours  may  be  divided  into 
60  equal  parts,  representing  minutes,  if  the  scale  be  taken  suffi- 
ciently large. 

(253.)  Find,  by  trials  with  a  pnir  of  compasses,  two  points, 
one  on  the  moon's  path,  and  the  other  on  tlie  patli  of  the  s[>octa- 
tor,  both  of  which  are  marked  with  the  same  times,  and  which 
are  at  the  least  distance  from  each  other.  That  time,  which  in 
tlie  present  case  is  5h.  44m.,  is  the  instant  when  the  ech])se  i-^ 
greatest. 

llie  appearance  of  the  nwon,  as  projected  upon  the  earth's 
disk  at  any  hoiu*,  may  be  shown  by  taking  its  semi-diameter, 
893''.5,  and  with  this  radius  describing  a  circle,  whose  centre  h 
the  point  where  the  moon's  centre  will  be  at  the  time  proposed. 
The  figure  shows  the  appearance  of  the  moon  at  5h.  44m.  If, 
with  a  radius  equal  to  the  sun's  semi-diameter,  948  ,9,  we  de- 
flcribe  a  circle  whose  centre  is  the  position  of  Boston  at  the  same 
instant,  this  circle  will  represent  the  sim's  disk  at  tho  middle  of 
the  eclipse.  The  moon's  semi-diameter  being  considerably  less 
than  tho  sun's,  tho  eehpse  is  seen  to  be  annular  at  Boston. 
Throughout  the  entire  tract  represented  as  covered  by  the  moon's 
disk,  tbe  sun's  centre  must  be  invisible ;  that  is,  along  the  par- 
allel of  latitude  of  Boston,  between  the  hours  3  and  7,  which 
amounts  to  more  than  60  degrees  of  longitude ;  and  tlirouizliout 
a  much  larger  area,  some  portion  of  the  sun*s  disk  wiJi  be  con- 
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cealed  The  extent  of  this  area  may  be  determined  by  deacrih- 
ing  a  oircle  with  the  same  centre,  and  a  radius  equal  to  the  sum 
of  the  radii  of  tlie  sun  and  moon, 

(254.)  The  eclipse  must  commence  at  Boston  as  soon  as  the 
disks  of  the  sun  and  moon  begin  to  interfere.  Take,  then,  from 
the  scale  of  equal  parts,  with  a  pair  of  compasses,  an  extent 
equal  to  the  sum  of  the  semi-diameters  of  the  sun  and  moon, 
1842''.4,  and,  beginning  near  L,  set  one  foot  on  the  moon's  path 
and  the  other  foot  on  the  path  of  the  spectator,  and  move  them 
backward  and  forward  till  both  the  points  fall  into  the  same 
hour  and  minute  in  both  paths.  This  will  indicate  the  begin- 
ning of  the  eclipsej  which,  in  the  present  case,  is  4h.  30m,  Do 
the  same  on  the  other  side  of  the  moon's  path,  and  the  end  of  the 
eclipse  %vill  be  found,  in  the  same  manner,  at  6h.  51m.  We 
have  thus  obtained  tte  following  results  for  Boston : 

Apptreot  Time.        Mejtn  Tinw, 
h.     m,  M,     m. 

Beginning  of  eclipse 4  30     =     4  27  P.M. 

Greatest  obscuration  . 5  44     :=     5  41 

End  of  eclipse ,  6  51     —     6  48 

The  results  are  obtained  in  apparent  time,  because  the  points 
1,  2,  3,  etc.,  on  the  parallel  of  Boston,  correspnd  to  apparent 
time,  and  the  places  of  the  moon  upon  its  relative  orbit  were 
also  determined  for  apparent  time. 

^\^len  this  projection  is  carefully  made,  it  will  furnish  the 
times  of  beginning  and  end  within  one  or  two  minutes. 

By  drawing  different  parallels  of  latitude,  we  may  determine 
the  phases  of  tlie  echpse  at  any  number  of  places  required. 

SECOND    METHOD    OP    PROJECTION, 

(255.)  In  the  preceding  projection  we  have  employed  the 
longitude  and  latitude  of  the  sun  and  moon,  as  well  as  their 
hourly  motions  in  longitude  and  latitude ;  but  the  projection  may 
be  made  with  about  equal  facility  by  emplojing  the  right  ascen- 
sion and  decUnation  of  theae  bodies.  This  method  differs  from 
the  preceding  in  only  a  few  particulars. 

In  the  figure  on  the  opposite  page,  AC,  the  radius  of  the  cir- 
cle of  projection^  is  the  difference  of  the  horizontal  parallaxes  of 
the  sun  and  moon;  CD  is  a  meridian  or  circle  of  declination ; 
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6,  12,  6  the  projection  of  the  parallel  of  latitude  of  the  place; 
LGN  the  moon's  apparent  path;  CG  the  differeBce  of  declina- 
tion of  the  sun  and  moon  at  the  instant  of  conjunction  in  right 
ascension ;  C12  the  sine  of  the  sun's  zenith  distance  at  noon ; 
and  6T  the  radius  of  the  parallel  of  latitude. 

The  hourly  motions  of  the  moon  and  sun,  being  given  in  right 
ascension,  must  be  multiplied  by  the  cosine  of  the  decimation  to 
reduce  them  to  an  arc  of  a  great  circle,  by  Art.  72.  CO,  in  the 
figure^  represents  this  reduced  hourly  motion  of  the  moon  from 
the  Sim,  and  OR  the  hourly  motion  of  the  moon  from  the  sun  in 
declination.  The  distance  CR  represents  tlie  moon's  relative 
hourly  motion  on  its  apparent  path. 

We  will  apply  this  method  to  the  eclipse  of  May  26, 1854,  for 
Boston. 

(256.)  By  the  Nautical  Almanac,  conjunction  in  right  ascen- 
sion takes  place  at  8h.  55m.  43.2s.,  Greenwich  mean  time,  cor- 
responding to  4h.  11m.  29s.  mean  time  at  Bostonj  or  4h.  14m. 
44s.  apparent  time.     For  this  time  we  obtain  from  the  Almanac 

the  moon^s  hourly  motion  in  right  ascension  .  .  31^  18^  .9. 
**   sun's  hourly  motion  in  right  ascension  ...     2'  2V\S, 

Hence  the  hourly  motion  of  the  moon  from  the  sun  in  right 
ascension  is  2S'  47'M,  which,  multiplied  by  the  cosine  of  the 
moon's  decimation,  21^  33'  32'^  is  ICOB'^S.  The  other  elements 
are  taken  directly  from  the  Almanac,  and  are  as  follows : 

Elements  of  the  Eclipse.  \ 

Conjunction  in  right  ascension,  Boston 

apparent  time.  May  26 4h.  14m*  44s.  P.M. 

R^  radius  of  circle  of  projection  (see 

page  237) =  3259 '.1. 

Reduced  hourly  motion  of  moon  from 

sun  in  right  ascension 1606'''.3, 

Moon's  hourly  motion  from  sun  in  dec- 
lination    461^^4. 

Moon  north  of  sun 1335'^0. 

Sum  of  semi  •diameters  of  eun  and 

moon 1842",4. 

Diflerence  of  semi-diameters  of  sun  and 

moon *  55'^4. 
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Take  AC,  equal  to  3259''',  from  any  convenient  scale  of  equal 
parts,  and  describe  the  semicircle  ADB  to  represent  the  north- 
ern half  of  the  earth's  disk,  and  draw  CD  perpendicular  to  AB 
for  the  axis  of  the  earth*  Open  the  sector  to  the  radius  AC, 
and  take  the  sine  of  20^  59'=0'-d,  and  set  it  off  from  C  to  12, 
on  the  line  CD.  This  point  will  be  the  apparent  [Kisition  of 
Boston  at  noon.  With  the  same  radius,  take  the  sine  of  63*^ 
2V-(fe'+3,  and  set  it  off  from  C  to  S,  on  the  lino  CD.  The 
point  S  will  represent  the  apparent  place  of  Boston  at  midnight. 
Bisect  the  Une  12S  in  T,  and  tlirough  T  draw  6,  T,  6  perpen- 
dicular to  CD.  With  the  same  opening  of  the  sector  as  before, 
take  the  cosine  of  the  latitude  of  the  place,  42^  10\  and  set  it 
off  each  way  from  T  to  6  and  6.  These  will  be  the  points 
where  Boston  will  be  aeen  at  six  o'clock  in  the  morning  and 
six  o'clock  in  the  evening.  The  apparent  patli  of  Boston  aoross 
the  earth's  disk  must  now  be  represented  as  described  on  page 
240. 

(2o7.)  The  projection  of  the  parallel  of  Boston  may  be  elfect- 
t^  without  the  aid  of  a  sector,  by  first  computing  the  quantities 
Cia,  CS,  and  TO. 

C12=Il  sm.  (f -<5)=3259^M  sin.  20^  58'  43''  =  1167 '. 
CS=:R  sin.  (<^ +<5)  =  3259M  sin.  63^  21^  17^^^2913  ^ 
T6=:R  cos.  0'         =z3259'M  cos.  42^  10'    0^^  =  2416'\ 

These  quantities  may  now  be  set  off  from  the  same  scale  as 
AC,  %vithout  the  aid  of  a  sector. 

Take  an  interval  equal  to  133r5'^,  which  is  the  difference  of 
declinations  of  the  sun  and  moon,  and  set  it  off  on  CD  from  C 
to  G,  above  the  line  ACB,  because  the  moon  is  north  of  the  sun. 
Take  CO,  equal  to  1606",  the  reduced  hourly  motion  of  the 
moon  from  the  sun  in  right  ascension,  and  set  it  on  the  line  CB, 
from  C  to  0 ;  draw  OR  perpendicular  to  CB,  and  make  it  equal 
to  461,  the  moon's  hourly  motion  from  the  sun  in  declination. 
Draw  the  line  CR,  which  represents  the  hourly  motion  of  the 
moon  from  the  sun  on  the  relative  orbit;  and  parallel  to  this 
line  draw  the  relative  orbit  of  the  moon,  LGN.  At  the  in- 
stant of  conjunction  in  right  ascension,  tho  moon's  centre  will 
be  at  G, 

(258.)  Measure  the  distance  CR  on  the  scale,  and  say,  as 
60m. :  CR ::  the  minutes  of  the  time  of  conjunction :  the  dis- 
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tanco  from  G  to  the  first  full  hour  point  to  the  left.    CR  is  found 
by  the  scale  to  be  1671'". 

60m. :  1671 :  :14.7m.:  409  ^ 

Take  409"^'  from  the  scale,  and  set  it  from  G  to  IV.  Take  the 
distance  CR,  and  set  it  from  IV,  along  the  moon^s  path,  to  V, 
VI,  etc.,  and  divide  each  hour  into  ten-minute  spaces.  Take 
from  the  scale  the  sum  of  the  semi-diameters  of  the  sun  and 
moon,  and  running  the  iefl  foot  of  the  dividers  along  the  moon^s 
pathj  while  the  other  is  kept  on  the  ethpse,  notice  when  both 
stand  on  the  same  hour  space.  Subdivide  that  portion  of  the 
moon's  orbit  into  single  minute  spaces,  and  that  on  the  ellipse 
into  10  or  5  minute  spaces.  Do  the  same,  keeping  the  right 
foot  of  the  dividers  on  the  moon's  path,  and  subdivide  the  spaces 
in  like  manner.  Also,  notice  what  hour,  or  portion  of  an  hour, 
on  the  moon's  path  is  nearest  to  the  corresponding  hour  on  the 
ellipse,  and  subdivide  these  portions  in  the  same  way.  Apply- 
ing the  dividers  set  to  1842'^,  %ve  find  that  the  feet  stand  on  cor- 
responding divisions  when  the  left  foot  on  the  moon's  path  marks 
4h.  29m.  40s.,  and  also  when  the  right  foot  marks  6h.  50m.  35s. ; 
the  former  denoting  the  time  of  beginning,  and  the  latter  the 
time  of  ending  of  the  eclipse  at  Boston. 

Apply  one  side  of  a  small  square  to  the  moon^s  path,  and 
move  it  along  until  the  other  side  cuts  the  same  hour  and  min- 
ute on  both  lines*  This  is  the  moment  of  nearest  approach  of 
centres,  which  is  at  5h.  44m.  IDs.  The  distance  between  these 
corresponding  points,  measured  on  the  scale,  is  47'",  which  is 
the  distance  of  the  centres  of  the  sun  and  moon  at  that  time. 
This  being  less  than  55'^4,  the  difference  of  the  semi -diameters 
of  the  sun  and  moon,  shows  that  the  eclipse  at  Boston  will  be 
annular. 

(259.)  With  a  radius  equal  to  893'',  from  the  point  5h.  44ra. 
10s,  of  the  moon's  path  as  a  centre,  describe  a  circle  represent- 
ing the  moon's  disk.  With  the  car  responding  point  of  the  el- 
lipse as  a  centre,  and  a  radius  equal  to  949"',  describe  a  second 
circle  to  represent  the  sun's  disk.  These  circles  will  exhibit  the 
phase  of  the  eclipse  at  the  moment  of  greatest  obscuration.  The 
figure  represents  the  visible  portimi  of  the  sun  at  this  time  as  an 
unequal  ring,  extremely  narrow  on  its  northern  side.  M^ith  the 
dividers  open  to  55"',  the  times  of  formation  and  rupture  of  tho 
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ring  may  be  determined  in  the  same  manner  as  the  beginning 
and  end  of  the  eclipi^e. 

The  results  of  the  projection  are  as  follows : 

A[)pAi>?ni.  Time,  Mean  Tiltia 

Beginning  of  the  eclipse  at  Bos- 
ton, May  26,  1854    _  .  ,  .  4  29  40  =  4  26  25  PJL 

Greatest  obscuration 5  44  10  =  5  40  55 

End  of  eclipse   .........  6  50  35  =  6  47  20 

In  a  working  projection,  for  determining  the  phases  of  an 
eclipse  for  a  particular  place,  it  is  not  necessary  to  describe  all 
the  lines  given  in  the  figure.  Thus,  in  the  present  example,  it 
was  only  necessary  to  draw  that  portion  of  the  path  of  Boston 
corresponding  to  the  three  hours  which  include  the  eclipse,  vi^., 
from  4  to  7  P.M. ;  but  this  part  should  be  drawn  with  the  ut- 
most care.  So,  also,  it  is  only  necessary  to  draw  the  mrion's 
path  for  the  same  hours ;  but  the  portions  corresponding  to  the 
times  of  beginning,  middle^  and  end  of  the  eclipse  should  be  sub- 
divided as  ac<!urately  as  possible. 


Section   II. 

TO    CALCULATE   THE    BE0IN5»*INO   AND    END    OF   A   SOLAR    ECLIPSE    FOR 
A    PARTICIJLAR     PLACE. 

(260,)  The  method  of  projections  already  explained  wiU  suf- 
fice to  furnish  a  general  idea  of  the  ph  en  omen  a  of  an  ecUpse, 
and  also  the  approximate  times  of  the  phases  for  any  place  re- 
quired. A  more  accurate  result,  however,  is  frequently  needed. 
This  may  be  obtained  in  the  following  manner : 

Assume  any  two  convenient  times  near  the  supposed  begin- 
ning and  end  of  the  eclipse.  If  we  have  no  previous  knowledge 
of  these  phases,  we  may  assume  the  hour  before  and  the  hour 
after  the  time  of  apparent  conjunction.  The  computations  are 
most  oonveniently  performed  when  the  assumed  times  are  even 
hours  of  the  meridian  for  whi<3h  the  ephemeris  is  computed. 
Witli  these  times  calculate  the  places  of  the  sun  and  moon,  and 
also  the  corresponding  parallaxes,  according  to  Arts.  21  It  212. 
The  relative  positions  of  the  sun  and  moon  will  be  the  same,  if 
wo  attribute  to  the  moon  the  eflect  of  the  difference  of  the  par- 
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allaxes  of  the  two  bodies,  and  su]iiiose  the  sun  to  remam  in  his 
true  position.  This  difference  is,  therefore,  the  relative  paral- 
lax, or  that  which  influences  the  relative  position  of  the  two 
bodies.  The  difference  between  the  equatorial  parallaxes  of  the 
sxm  and  moon  miiKt  be  multiplied  by  the  radius  of  the  earth  for 
the  placa  of  observation,  in  order  to  obtain  the  parallax  of  the 
place,  Art.  210.  These  parallaxes,  applied  to  the  right  ascen- 
sions and  declinations  of  the  moon  for  the  hours  proposed,  as 
given  in  the  Nautical  Almanac,  will  furnish  its  apparent  right 
ascensions  and  declinations.  Take  the  difference  between  the 
apparent  places  of  the  moon  and  sun,  and  reduce  the  diflerences 
of  right  ascension  to  seconds  of  arc  of  a  great  circle.  These  ap- 
parent positions  of  tlie  moon  with  resiiect  to  the  sun  will  furnish 
its  apparent  relative  orbit;  and  the  contact  of  limbs  will  evi- 
dently take  place  when  the  apparent  distance  of  the  centres  be- 
comes equal  to  the  sura  of  the  sun's  semi-diameter  and  the  aug- 
mented semi-diameter  of  the  moon. 

(201.)  Let  S  represent  the  position  of  the  suxi^s  centre,  which 
we  will  suppose  to  remain  at  rest  throughout  the  eclipse ;  let 
SR  and  SP  represent  the  apparent  differences  of  right  ascension 
of  the  sun  and  moon  for  the  two  selected  hours,  one  preceding 
and  the  other  following  the  apparent  conjunction,  and  RM,  PM' 


feru:^::^ 


the  differences  of  dechnation.     Draw  th&line  MM',  and  it  will 
represent  the  relative  direction  of  the  moon's  motion.     Let  PN 


be  the  meridian  pa^ssing  through  S,  and  suppose  B  aad  E  to  be 
the  positions  of  the  moon  at  tlie  times  of  beginning  and  ending 
of  the  partial  ecUpse.  Draw  MDH  perpeodicolar  to  fc>N,  and  tsC 
perpendicular  to  BE. 

In  the  triangle  SDM,  we  have 

8D :  DM  ::  rad, :  tang.  DSM. 
Also,  sin-  DSM ;  DM : :  rad. :  SM, 

In  the  triangle  HMM',  HM  represents  the  hourly  motion  in 
right  ascension,  reduced  to  the  arc  of  a  great  circle,  and  HM' 
the  hourly  motion  in  declination,  and  we  have 

HM :  HM' ::  rad, :  tang*  HMM'  or  NSC. 
Also,  cos.  HMM' :  rad. ::  HM  :  MM^ 

which  is  the  hourly  motion  of  the  moon  in  its  relative  orbit. 
The  angle  MSC  =  MSB  +  DSC. 

Then,  in  the  triangle  MSC, 

rad,:8M::cos.  MSC :  SC. 
In  the  triangle  BSCj  BS  represents  the  sum  of  the  radii  of  the 
sun  and  moon,  and  we  have 

BS:SC::rad.rQos,  BSC. 
The  ai^le  BSM  =  BSC^MSC. 

Also,  ESM  =  BSC  +  MSC. 

Now,  in  the  triangles  B8M  and  ESM,  we  have 
sin.  SBM  :  SM  :;  sin.  BSM  :  BM, 
and  sin.  SEM :  SM : :  sio.  ESM :  EM. 

BM 

Also,  the  time  of  describing  BM  —  =r^r^|-, 

MM 

F'M 
and  the  time  of  describing  EM  =  ^^,^, 

M.W 

The  time  of  describing  BM  being  subtracted  from  the  time 
when  the  moon's  centre  was  at  M,  will  furnish  the  instant  of 
beginning  of  the  eclipse ;  and  the  time  of  describing  EM  being 
added  to  the  time  when  the  moon  was  at  M,  will  furnish  the  in* 
etant  of  ending. 

(262,)  Ex*  1.  Required  the  time  of  the  beginning  and  ending 
of  the  solar  eclipse  of  July  28, 1851,  at  Cambridge,  latitude  42*^ 
22'  48'^  N.,  longitude  4h.  44m.  30s.  W.  of  Greenwich. 

The  time  of  new  moon,  July  28,  is  2h.  40m.  Greenwich  time; 
but  as  the  sun  at  Cambridge  is  near  the  eastern  horizon,  the 
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effect  of  parallax  will  !>e  to  accelerate  the  eclipse,  and  we  will 
therefore  select  for  our  two  hours  of  computation  Ih.  and  2h. 
Greenwich  time.  For  these  times  we  take  out  the  right  ascen- 
sions and  declinationa  of  the  sun  and  moon  from  the  Nautical 
Almanac.  The  moon's  equatorial  horizontal  parallax  at  Ih.  is 
60'  2S'\Q ;  the  sun's  horizontal  parallax  is  8'^4  ;  difference,  60' 
20'^2 ;  reduction  to  the  latitude  of  Camhridgej  5'^5 ;  making 
the  relative  horizontal  parallax  for  Camhridge  60'  14'^,7-  At 
2h.  we  find  it  to  be  60'  15^  .6. 

The  moon's  hour  angle  from  the  meridian  is  equal  to  the  si- 
dereal time,  minus  the  moon's  true  right  ascension.  July  28, 
Ih,  at  Greenwich  corresponds  to  July  27,  20h.  15m.  30s*  mean 
time  at  Cambridge,  which,  converted  into  sidereal  time  by  Art, 
1d9j  is  4h.  37m.  53,13s*  Subtracting  this  from  the  moon's  right 
ascension,  we  obtain  the  hour  angle,  3h,  47m.  23.50s.,  or  56*^ 
SO'  52'',5.  In  the  same  manner,  the  hour  angle  at  2h.  is  found 
to  be  42^^  27^  26 'M.  With  these  data  w©  compute  the  paral- 
laxes  in  right  ascension  and  declination  by  Arts.  211  and  212. 
The  differences  of  right  ascension  are  reduced  to  seconds  of  arc 
of  a  great  circle  by  nnaltiplying  them  by  ISxoosine  of  the 
moon's  apparent  declination. 

According  to  Art.  228,  the  declination  of  the  point  M  is  not 
exactly  the  same  as  that  of  D  (MD  being  supposed  to  he  a  per- 
pendicular let  fall  on  the  meridian  NS).  From  Table  XYIII. 
wc  find  the  correction  to  be  added  to  the  moon's  declination  at 
Ih.,  for  a  difference  of  right  ascension  of  37s.  is  0".3 ;  and  at  2h., 
for  a  difference  of  right  ascension  oflm.  18s.  is  l".l. 

Hence  we  obtain  the  following  results : 


For  lh>  GriMnwtch  Tima. 

For  Ih.  GrMiiwtfll  Tlmfi.    " 

Moon'a  ime  place 

Mooti*8  parallax 

Moon*s  apparent  place. . . 

Sun*«  place .....* 

Diflemicc ,  ,  . 

R.A. 
k.  m,       *. 

8  S6  16,63 
2  40.24 

Dee. 

10  58     9.4  N, 
30     4.9 

R.A. 

S  27  62,72 
2     9.51 

Doc. 

19  62  40.0  N. 
27  16.6 

8  27  56.87 
8  2d  34.17 

VJ  28     4.5 
19    4  60.2 

6  ao     2.S3 

8  28  44.00 

19  26  24.6 
19     4  16.9 

21     8.7" 
1260.B 

37,30 
687.6 

23  14.3 
13M.6 

1    1823 
1106.7 

Rudured  lo  scscondi  of  arc 

Accordingly,  we  6nd  SR  represents  527'".5;  RM,  1394'^6; 
PS,  1 106^'. 7  ;  PM',  1269''.a  The  hourly  motion  in  dechnation 
is  therefore  124^^.8 ;  and  that  in  right  ascension,  reduced  to  an 
arc  of  a  great  cirolcj  is  1634'^2« 


K 

H        Then,  in  the  triangle  SDM,  we  have 

■  1394^6:52r^5::l:tallg.  20^  43^  8'^  =  DSM. 

■  Also,  sin.  DSM:52rO5::l:8M  =  1491'^0. 
H        In  the  triangle  HMM%  we  have 
^                 1634^2 :  124 '.8 :;  1 :  tang.  HMM'  =  4^  22'  V\ 

Also, , 
COS.  HMM^ :  1 ::  1634^^2 :  MM^=1639'''.0==hourly  motion  of  the 
moon  in  its  relative  orbiL 

MSC^MSD+DSC=^25°  5'  9''. 
In  the  triangle  MSC,  we  have 

1 :  1491  '.0 : :  cos.  MSC :  SC  =  1350^^4. 
The  moon-s  semi-diameter  is  not  the  same  for  the  beginning 
and  end  of  the  eclipse ;  but  for  a  first  approximation  we  will  sup- 
pose it  to  remain  unchanged,  and  will  compute  it  for  the  time 
Ih.  30ni.,  which  we  find  to  be  16^  28'  .9.  The  augmentation 
for  altitude,  Art,  217,  is  ll^^S.  The  sun's  semi-diameter  ia  15' 
46".5,  makini^  SB  =  32^  27'^2^194r^2.     Then 

1947  \2  :  1350-4 ::  1 :  cos.  BSC^46^  5'  32". 
Therefore  B8M  =  21^    0' 23'^ 

ESM^71^  lOMl^'. 
Then  sin,  SRM  :  1491  '0::  sin.  BSM  :  BM  :=  770 ',7, 
sin.  SEM  1 1491-^0::  sin.  E8M  :  EM  =2035  ^0, 
The  time  of  describing  BM^Oh,  28m.  13s. 
The  time  of  dcscribinj?  EM:=lh.  14m.  30s. 
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Subtracting  the  time  of  describing  BM  from  Ih.,  and  adding 
the  time  of  describing  EM  to  Ik,  we  obtain  the  Greenwich  times 
of  beginj^ing  and  ending;  and,  subtracting  4h,  44m.  30s.,  we 
obtain  the  results  in  mean  time  of  Cambridge ;  viz,. 

Beginning  of  the  eclipse  at  .  .  7h.  47m,  17s.  I  Cambridge 
End  of  the  eclipse  ...♦..,  9h.  30m.  Os.  }  mean  time, 
(263.)  8ince  the  hour  angle  of  the  moon  is  subject  to  the  va- 
riation of  nearly  15*^  per  hour,  the  effect  produced  by  parallax  is 
to  give  considerable  curvature  to  the  apparent  relative  orbit  of 
the  moon.  Tliis  curvature  is  more  decided  when  the  echpse 
takes  place  near  to  the  horizon.  Hence  the  preceding  results, 
deduced  by  supposing  the  portion  of  the  orbit  described  during 
the  eclipse  to  be  a  straight  line,  are  only  approximate.  It  is 
probable,  however,  that  they  are  correct  within  one  or  two  min* 
utes,  and  this  may  be  considered  sufficient  for  tiie  purposes  of 
the  observer.  If  a  more  accurate  determination  is  required,  we 
must  rejicat  the  computation  for  the  times  here  obtained ;  and 
it  is  better  to  conduct  the  computations  for  the  beginning  and 
end  independently  of  each  other,  deriving  the  beginning  of  the 
ecUpse  from  the  assumed  time  near  the  beginning,  and  the  end 
from  the  assumed  time  near  the  end.  For  conveniencej  wa  may 
omit  the  seconds,  and  repeat  the  computation  for  Oh.  32m.  and 
2h.  lom.  Greenwich  time.  For  these  times  we  look  out  the  places 
of  the  sun  and  moon  from  the  Almanac.  The  relative  horizon- 
tal parallax  at  Oh.  32m.  is  60'  14^^2  ;  at  2h.  15m.  is  60'  15^'.9. 
Tlie  moon's  hour. angle  from  the  meridian  for  Oh.  32m. >  Crreen- 
wich  time,  is  63°  33'  48^^4  j  for  2h.  15m.  it  is  38°  51'  34''5, 
from  will  ell  we  obtain  the  paraUaxes  as  below.  Proceeding  as 
in  the  former  case,  we  obtain  the  following  results ; 


For  Sli.  15m.  GrBcnwich  Ttmo 


For  Oh.  32X11.  GriMmwIeli  TUiw, 


Moon'B  true  place ^ 

Moon'fl  parallax  ........ 

M OOTIDS  apparisnt  place , . . 

Sun'i  place 

Difference 

Reduced  ta  seconds  of  arc 


A.  m.      f. 
8  24    3,76 
3  51.16 


8  36  64.03 

S  28  39.^9 


1  34.67 

1338.7 


0  40,1  N, 
31  35.5 


R.A. 
A.  m.       s 
8  28  31.73 

2     0.43 


19  39 
19     5 


8  30  32.16 
a  S8  46.46 


23  58.4 
1439.8 


1  46.70 
1495.4 


Deo. 

19  51   16.3  N 

2fi  39.4 
19  2r36.9 
19    4     7.1 


20  29.8 

laai.s 


The  motion  in  declination  for  Ih.  43m.  is  208^^3 ;  henco  the 
motion  for  Ih.  is  121'^3  ;  and  in  right  ascension  it  is  1650"' :9 ; 
which  values  differ  a  little  from  those  found  on  page  250. 
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Let  SR  in  the  figure,  page  251,  represent  1338^'*?  ;  and  RM 
1439''^.8*     Then,  as  before,  we  shall  have 

1439 '.8 :  1338' .7 ::  1 :  tang.  DSM  =42^  54'  58' 
sin.  DSII :  1338 '7  ::  1  :  SM  ==  1966-.0. 
Also,  1231  ^5 :  1495  ^4:;  1 :  tang.  D8M'=:50°  31'  40'', 
ain,  DSM^ :  1495''.4 ::  1 :  8M';=  1937'^2. 
1650-^9: 121 ',3::  1  :tang.  HMM'^4^  12'  8', 
COS,  HMM' :  1 ::  1650".9 :  1655^':4  =  hourly  motion  in  orbit. 
Therefore  MSC  =  47o    T    W 

M'SC  =  46o  19'32^ 
1 :  1966 '0 :: cos.  MS€  :  SC  =  1337'',8. 
The  moon's  semi-diameter  at  Oh,  32m.  is  16''  28'^6 ;  the  aug- 
mentation for  altitude  is  9".3 ;  the  sun's  semi-diameter  is  15' 
46'''.5;  ma^ng  8B  =  1944'"4. 

In  the  same  manner  we  obtain  SE  =  1949".l.     Then 
1944^^4 :  1337^^8 ::  1 : cos.  BSC^46°  31'  33'. 
Therefore  BSM  =  0^  35'  33''. 

Then  sin.  SBM :  1966'. 0 :: sin.  BSM : BM =29".6. 
The  timo  of  describing  BM  =  64.3s. 
Also,  1949M :  1337".9 ;:  1 : cos.  ESC ^46<=  39'  24''. 
Therefore  ESM':=0^  19'  52". 

sin.  SEM' :  1937".2 :;  sin.  E8M' :  EM'^  16".3. 
The  time  of  describing  EM' =  35,5s. 
Hence  the 

Beginning  of  the  eclipse  is  at .  7h.  49m.  34s.  J  Cambridge 
End  of  the  eclipse  is  at  ...  .  9h.  31m.  Ss,  I  moan  time. 
(264.)  In  observing  the  beginning  of  a  solar  eclipse,  it  is  im- 
portant for  the  accuracy  of  the  observation  that  we  should  know 
on  what  part  of  the  sun's  limb  the  eclipse  will  begin.  This  is 
easily  found  by  means  of  the  diagram^  page  25  L  The  angle 
NSB  is  the  angle  of  position  of  the  moon's  centre  from  the  north 
toward  the  west,  at  the  beginning  of  the  eclipse  ;  or,  if  we  es- 
timate the  angle  of  position  from  the  north  toward  the  east,  it 
w^ill  be  360^  —  NSB.  Also,  tlie  angle  of  position  from  the  north 
toward  the  east,  at  the  end  of  the  eclipse,  is  NSE, 

But        NSB^CSB^C8N^46^.5-4°,2=42^.3, 
and  NSE  ==CSE-hCSN=.46<>,6+4^  .2  =  50^.8. 

Hence,  at  the  beginning  of  the  eclipse,  the  angle  of  the  moon's 
centre  from  the  north  toward  the  east  is  317^.7. 
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At  the  endj  the  angle  of  the  moon's  centre  from  the  north  to- 
ward the  east  is  50^.8. 

(265*)  The  following  formuJaB  embody  the  preceding  princi- 
ples in  a  form  convenient  for  computation : 

Put  2;=SE  =  the  difference  of  apparent  right  ascension  he- 
tween  the  sun  and  moon  in  arc  of  a  great  circle, 
at  an  assmned  instant ; 
y=RM=:the  difference  of  apparent  declination  at  the 
same  instant,  corrected  by  Art,  228  ; 

i3-th6  angle  NSM  ; 

t^the  angle  HMM^^DSC  j 

y=the  angle  BSC^ESC ; 
a;^=MH  — the  hourly  variation  of  x; 
y, — HM''  =  the  hourly  variation  of  y  ; 

^=BS— sum  of  the  semi-diameters  of  sun  and  moon. 

cos.  y=-. 


tang,  0=-, 
V 


Z—' 


sm, 

tang.  L^^, 


0    cos.  /3' 


^, 


= hourly  motion 


COS.  L 

in  relative  orbit, 
v  —  z  cos,  (^4- e)t 


Angle  BSM^  7- (i9+t), 
z 


BM=- 


EM^ 


cos,  y 

z 


cos.  y 


sin.{r~(/34-0i» 
sin4y+{p+£)}. 


Time  of  describing  BM  — 
Time  of  describing  EM  = 


BM  cos.  L 
EM  COS.! 


After  we  have  obtained  the  approximate  times  of  beginning 
and  endings  if  the  greatest  accuracy  is  required,  we  must  repeat 
the  computation,  with  separate  values  of  A  for  beginning  and 
end,  as  was  done  in  tl^  last  example. 

(266.)  Ex.  2.  Required  the  time  of  beginning  and  end  of  the 
solar  eclipse  of  May  26,  1854,  at  Cambridge  Observatory » 

As  we  have  already  projected  this  eclipse,  we  shall  avail  our- 
selves of  the  approximate  knowledge  already  obtained,  and  shall 
assume  for  our  times  of  computation  9h.  10m.,  and  lib.  30m., 
Greenwich  mean  time.     For  these  times  we  take  the  places  of 
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the  sun  and  moon  from  the  Nautical  Almanac,  The  moon's 
equaitorial  horizontal  parallax  at  9li.  10m.  h  54'  32'\5 ;  the  sun's 
horizontal  parallax  is  8^5;  ditference,  54^  24^^.0;  which,  re- 
duced to  the  latitude  of  Cambridge,  becomes  54^  IS'M.     At 

Ih.  30m.  we  find  it  to  he  54^  17^^a 

The  sidereal  time  at  Cambridge,  corresponding  to  9h.  10m. 

reenwich  mean  time,  is  8h.  41m.  55.21s.  Hence  the  moon's 
hour  angle  is  4h.  28m.  17.98s.,  or  67<^  4"  29^^7.  The  hour  angle 
at  llh.  30m.  is  100'^  57'  1''.8.     With  these  data  we  obtain  the 


parallaxes  as  below. 

The  following  are  the  results 

For  Ob>  lOm.  Grwnwleb  Time. 

For  nil.  SOm.  Cf«:nwicllTliiie,| 

Moon'a  true  place 

Moon's  parallaJT  ,.*..... 
Moon' ft  apparent  plsce   . . 
Sun*a  place , 

R.A. 

k,  m,       *. 
4   13  37  23 
2  40.23 

Dee. 

21  35  27.7  N 
28  37.6 

A.  A. 

4  18  30.09 
2  49,83 

21  54     4.9  N. 
36  50.0     , 

4  10  67.00 
4  13     9,83 

21     7     0.3 
%l  11  32.9 

4  15  40.ae 

4  13  33.46 

21   17  14.0 
21   12  S2.9 

Difference , .  *  ► . 

2  1^.83 
1858.7 

4  22,7 
3£9.4 

2     6.80 
17722 

4  52.0 
2950 

Redueed  to  secondi  of  arc 

HP    The  hourly  motion  in  declination  is  237'''.6,  and  that  in  right 
ascension  1556^M. 


Then,  in  the  triangle  8DM,  we  have 
_  259  .4 :  1858  ^7 ::  1 ;  tang,  DI^M  =  82^  3'  18  ^ 

B  sin*  D  SM :  1858"'.7 : :  1 ;  SM  =  1876^^7. 

Abo,  295  ^0 :  1772^^2 ::  1 :  tang.  PM^S==80^  32^  57'', 

Psin.  PM'S :  1772 '.2 ::  1 :  SM'=^1796 ',6. 
To  avoid  confusion,  the  lines  BM,  SM''  are  omitted  from  the 
figure,  but  are  to  be  supplied  as  on  page  248. 
^,    In  the  triangle  HMM',  we  have 
■  1556.   1 :  237 '.6 ::  1 :  tang.  HMM'^8^  40^53  '', 

COS.  HMM' :  1 ::  1556'M  :  1574'M  =  the  hourly  motion  in  orbit. 
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Henoe  MSC=89o  15' 49'', 

M'SC  =  89^  13' 50'^ 
In  the  triangle  MSC, 

1 :  SM  =  1876^^7 : :  cos.  MBC  :  SC =24'M. 
The  moon*9  Bemi-diameter  at  9h,  10m.  is  14'  53''.5 ;  the  aug- 
mentation for  altitude  is  7''.2  j  the  snn*^  semi-diameter  is  15' 
48^9;  making  SB  =  1849'^6. 

In  the  same  manner  we  obtain  SE  =  1843".5. 
In  the  triangle  BSC, 

1849 '.6 :  24  M ::  1 :  cos.  BSC  =  89°  15'  10". 
Hence  BSM  =  39'. 

sin.  SBM :  SM^  1876''.7 :;  sin.  BSM :  BM=2r'.2. 
The  time  of  describing  BM  =  62.23. 
In  the  triangle  ESC, 

1843".5 :  24'M ::  1 :  cos.  ESC =89°  15'  1". 
Hence  ESM'^1' 11^ 

sin.  SEM':SM'=1796^'.6::sin,  ESM':EM'^47".3. 
The  time  of  describing  EM'  — 108.1s. 
Hence  the  eclipse  begins  at,  .  4h.  26m.  32s.  )  Cambridge 
**       ends     *^ .  .  6h.  47m.  18s.  )  mean  time. 
At  the  beginning,  the  angle  of  the  moon^s  centre  from  north 
toward  east  is  262^  4'. 

At  the  end,  the  angle  of  the  moon*9  centre  from  north  toward 
east  is  80^  34'. 

(257.)  As  the  computation  thus  far  indicates  that  this  eclipse 
will  be  annular,  it  is  important  to  determine  precisely  the  time 
of  formation,  and  also  of  the  rupture  of  the  ring.  In  doing  this, 
we  can  not  assume  that  the  moon's  path  from  9h.  10m.  to  1  Ul 
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30m.  is  a  straight  Ibe,  By  inspooting  Table  XVI.,  we  shall  see 
that  the  parallax  in  right  ascension  increases  wth  the  hour 
angle  until  this  angle  becomes  six  hours ;  and  after  that  it  di- 
minishes. Now  at  the  middle  of  this  eclipse,  the  moon's  hour 
angle  is  very  nearly  6  hours ;  so  that  the  parallax  in  rigiit  as- 
cension is  greater  for  the  middle  of  the  eclipse  than  for  either 
the  beginning  or  end.  We  must,  therefore,  make  an  independ- 
ent computation  for  a  time  near  to  the  middle  nf  the  eclipse, 
which  we  will  assume  at  lOh.  20m»  Greenwich  time. 

Proceeding  as  heretofore,  we  find  the  moon's  relative  parallax, 
reduced  to  the  latitude  of  Cambridge,  to  be  54^  18".2,  and  the 
moon's  hour  angle  84*^  0^  47'' .5,  whence  wo  obtain  the  following 
results : 


For  lOb.  Km,  Grwnwlclt  Time.             | 

Moon's  true  place 

Moon's  parallax 

Moon^s  apparent  place .... 

Sun's  place 

Difference 

Reduced  to  seconds  nf  &ro .  . 

R.  A. 

*.     m.          «. 

4  16    3.64 
3  52.54 

Dm.  ^ 

21  44  50.5  N. 
32  34.3 

4  13  11.00 
4  13  21.64 

21  12  16.2 
21  11  52.9 

10.64 
148.8 

23.3 
23.3 

V 


In  the  annexed  figure,  let  MA 

represent  a  portion  of  the  moon's 
relative  orbit  on  a  much  larger 
scale  than  the  former  figure ;  let 
SR    represent   148  ^8,  and   RM 

Then,  in  the  triangle  ^MR, 

23  .3: 148^8:;!:  tang.  SMR  =  81^  CV 
sin.  SMR :  148^^8 ::  1 :  SM  =  ISO^.O. 
The  angle       MSC  =  SMR-ASC=72^  25'  8''. 
1 :  8M ::  coa  MSC  :  SC =45 '.5, 
1 :  SM ::  sin.  MSC  :  CM  =  143'^6. 
The  time  of  describing  CM  =  328.39. 

Hence  the  nearest  approach  of  the  centres  of  the  sun  and  moon 
is  at  5h.  40m,  5S.3s.  Cambridge  mean  time. 

The  semi-diameter  of  the  sun  is  15^  48''. 9 ;  the  augmented 
semi-diameter  of  the  moon  is  14'  57''.6 ;  diiference,  51'^3.  The 
least  dijstanoe  between  the  centres  of  the  sun  and  moon  is  45^^5 

R 
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Hence  the  eclipse  will  be  annular*  To  find  the  times  of  forma- 
tion  and  rupture  of  the  ring,  with  S  as  a  centre,  and  a  radius 
equal  to  51^3,  describe  an  arc,  cutting  the  moon's  path  in  the 
points  B  and  E,  which  will  represent  the  points  required. 

Then,  in  the  triangle  8CB, 

SB :  1 ::  8C  :  COS.  BSC  =27^  32', 
1 ;  SB  ::  sin.  BSC  :  BC-23^^7. 

The  time  of  describing  BC  =:=  54.2s. 

Hence  the 

Formation  of  the  ring  is  at .  .  5h.  40m.    4s,  >  Cambridge 

Rupture  of  the  ring  is  at  .  .  ,  5h»  41m*  52s,  ]  mean  time. 

The  preceding  computations  were  all  in  type  in  1853,  but 
owing  to  the  destruction  of  the  stereot3rpe  jiiates  by  fire  in  De- 
cember of  that  year>  it  became  necessary  to  re-cast  the  entire 
volume^  and  thus  its  publication  has  been  delayed  until  after 
the  occurrence  of  the  eclipse.  The  eclipse  could  not  be  observed 
at  Cambridge  on  account  of  the  interference  of  clouds.  The  in- 
stants of  first  and  last  contact  observed  at  New  York  and  Wash- 
ington differed  but  a  few  seconds  from  the  time  computed  from 
the  Tables. 


Section    III. 

OCCDLTATIONS    OF    STARS    BY    THE    MOON. 

(268,)  Occultations  of  stars  by  the  moon  may  be  computed 
in  the  same  manner  as  eclipses  of  the  sun,  the  only  difference 
in  the  operation  cijnsistiDg  in  this,  that  the  star  has  neither  mo- 
tion, parallax,  nor  semi-diameter.  These  circumstances  render 
the  computation  of  an  occultation  more  simple  than  that  of  an 
eclipse. 

Ex.  1.  It  is  required  io  find  the  times  of  immersion  and 
emersion  of  a  Tauri,  Jan.  23,  1850,  at  Cambridge  Observatory, 
latitude  42°  22'  48'^  longitude  4h.  44m,  30h.  W.  of  Greenwich. 

The  Greenwioli  mean  time  of  apparent  conjunction,  according 
to  the  Nautical  Almajiac,  is  12h.  41m.  49s.  We  wiH,  therefore, 
select  12h.  and  13h,  as  the  two  hours  of  computation  for  the  first 
approximation. 

For  these  times  we  find  the  following  data : 
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For  im.  Graenwicb  Tim*. 

For  ]3li.  Groenwteti  Time.    | 

Moon'*  tnio  place 

Moon*ii  parallax  .  , , . 

Moon'a  apparent  |ikce. . . 
SiAfs  place ,  , , . 

R.A. 
i.  m.      t. 
4  25  36  22 
4706 

Dec. 

16  30    4  IN 
26  42.7 

R,A. 

k.  m.       «. 
4  28     4.53 
;              0.47 

Dee. 

16  36  33.2  N. 
26  13.2      1 

4  26  23.28 
4  27  19.54 

16     3  21  4 
16  13     34 

4  28     6.00 
4  27  19.54 

16  10  20.0 
16  12     3.4 

DLQcrence  •  * .  *  ♦ 

Reduced  to  secotidi  of  arc 

56.26 

SILO 

8  42.0 
531.6 

45.46 
6549 

1  43.4 

103  1 

The  moon's  horizontal  parallax,  reduced  to  the  latitude  of 
Cambridge  at  12h.,  is  59^  44'^6;  at  13h.  it  is  59'  46' ,6,  The 
moon^s  hour  angle  at  12h,  is  14^  34'  4".6  east ;  at  13h,  it  is  0^ 
8'  41''*5  east  of  the  meridian,  from  which  we  compute  the  par- 
allaxes as  above. 

The  hourly  motion  in  right  ascension  is  1465'^9,  and  that  in 
declination  418'''.5. 

Let  S  represent  the  position  of  the  star-  Take  SR  =  811^^0, 
RM  =  521'^6  ;  then  M  will  be  the  jxisition  of  the  moon's  centre 
at  r2h.  Take  SP  =  654".9,  PM^=:  103'M  ;  then  M^  will  be  the 
position  of  the  mmm  at  13h,,  and  MM'  is  the  moon's  relative  orbit. 


Then,  in  the  triangle  SDM,  we  have 

621^6:8U^0::l:tang.  DSM^57°  15' 9'', 
siu.  DSM:811^0::1:SM  =  964".3. 
In  the  triangle  HMM^, 

1465''.9 :  418  ^5 ::  1 :  tang.  HMM'  ^  15°  56'  V% 
cos-  HMM' :  1 ::  1465  \9 :  MM  =  1524  .5, 
die  hourly  motion  of  the  moon  in  its  orbit. 
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For  lati.  Greeowieh  TLni«. 

For  UU.  ldai«  GrMnwIcHTtaie.l 

Moons  true  place 

Moon's  parallax 

Moon's  apparent  ploce. . . 
Star  3  place  .    ,...,,*... 

R.A. 
*-  m.       *. 

4  25  a6,22 
47.06 

Dee. 

16  30     4.1  N.' 
26  42  7 

R.A. 

4  28  41.66 
11.31 

4  28  30.35 
4  27  19  54 

16  38     9.6  N 
26  13.2 

4  26  23.28 
4  27  19.64 

16     3  21.4 
le  12     3.4 

16  11  56.3 
16  12     3  4      J 

Difference  *    

56,26 
8110 

8  42.0 
521.6 

1    10.81 
1019.9 

7.1 

Reduced  to  seconds  of  are 

1              6.3 

w 


^ 


The  moon's  horizontal  parallax,  reduced  to  the  latitude  of 
Cambridge  at  13h,  15m.,  is  59'  47'^0;  and  the  moon's  hour  an- 
gle is  3^^  27'  38".4  west,  from  which  we  obtain  the  paralkxe.s 
as  above.  The  hourly  motion  in  right  ascension  is  1464''',7,  and 
m  declination  \\%r2. 

Hence,  in  the  triangle  HMM', 

1404^7 :  412'  .2 ::  1 :  tang,  HMir  =  15^  43'  9'% 
COS.  HMir  :  1 ::  1464''.7  :  M^^^152^^6, 
the  hourly  motion  of  the  moon  in  its  orbit. 
Hence  MSC  =  72^  58'  W% 

1 : 964' ,3 ::  COS.  MSC :  SO=282''.4, 
The  radius  of  the  moon  at  12h.  is  978'^3;  at  13h.  15m.  is 
979'^0.     The  augmentation  at  12h.  is  15".l ;  at  13h.  15m.  is 
15-^5.     Hence  SB  =  993".4,  and  SE  ^  994''.5. 

993 '.4 :  282^.4 ::  1 :  ooa,  BSC -73=^  29'  6 '. 
Hence  BSM^^O^^  30'  48^ 

sin.  SBM :  964 '.3 ::  sin.  BSM :  BM  =  30''.4. 
The  time  of  describing  BM  =  71.9s. 

6 '.3;  1019".9 ::  1 :  tang.  DSM'=89^  38'  46", 
sin.  DSM' :  1019''.9 ::  1 :  SM'  =  1019  .9. 
Hence  jr8C  =  73^  55' 37", 

994^.5:282 '.4::  1  :cos.  ESC  =  73^  30'  W. 
Hence  ESM'  =  0^  25'  23", 

sin.  SEM  :  1019".9 :: sin.  ESM' :  EM'=26",5. 
The  time  of  describing  EM'  =  62.7s, 
Hence  the 

Immersion  takes  place  at  .  .  *  7h.  14m.  18s,  |  Cambridge 
Emersion  takes  place  at   .  .  .  8h.29m.  278.  S  mean  time, 
which  results  are  almost  identical  with  those  first  obtained. 

The  angle  of  position  of  the  pom '  '^  \  the  moon's 

centre  at  immersion,  and  nr  ^ast, 

is  KBS,  which  equals  D 
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The  angle  of  positian  of  the  point  S  at  emersion,  measured 
from  the  north  toward  west,  ia  LES,  which  equals  DSE,  or  CSE 
4-CSD,  But  if  the  angle  be  measured  from  north  toward  east, 
which  is  the  usual  method,  it  is  36U°  — BSE. 

Hence  at  immersion  the  angle  of  position  of  the  star  is  58^ 
from  tlie  north  point  of  the  moon*s  limb* 

At  emersion  the  angle  of  position  of  the  star  is  271  "^  from  the 
north  point, 

(270.)  These  results  are  douhtless  correct  within  one  or  two 
seconds,  according  to  the  moon*s  places  given  in  the  Tables;  but 
it  is  not  to  be  supposed  that  these  times  are  absolutely  reliable 
to  this  degree  of  accuracy.  Burckhardt's  tables  of  the  mo*jii 
frequently  exhibit  errors  of  15'%  and  cjccasionally  of  30 '.  Now 
an  error  of  30''  in  the  moon's  place  would  cause  an  error  of  more 
than  one  minute  in  the  computed  time  of  ocealtation.  However 
accurately,  therefore,  the  computations  are  performed,  the  result 
may  be  found  erroneous  by  half  a  minute  of  time,  and  occasion- 
ally even  more  than  a  minute.  For  simple  purposes  of  observa^ 
tion,  therefore,  there  is  little  advantage  in  makinii  the  computa- 
tions with  the  precision  which  is  here  attempted,  and  we  may 
generally  be  content  with  the  results  of  the  fir^t  approximation, 
indeed,  if  we  take  the  parallaxes  directly  from  a  table,  Hke 
Table  XVL,  and  make  a  careful  geometrical  construction  with 
scale  and  dividers,  we  may  generally  obtain  the  time  of  begin* 
ning  and  end  of  the  occultation  within  a  minute  of  the  truth, 
which  is  quite  sufficient  to  guide  the  astronomer  in  observing  an 
immersion.  For  an  emersion,  it  is  desirable  to  know  the  time 
as  accurately  as  possible,  in  order  that  the  eye  of  the  observer 
may  not  be  fatigued  by  Uyo  long  watching  for  the  phenome- 
non, 

Ex.  2.  It  is  required  to  find  the  time  of  immersion  and  emer- 
sion of  y  Virginis,  January  9,  1855,  at  Washington  Observatory, 
latitude  38°  33^  39^'  N.,  longitude  5h.  8m.  lis.  W.  of  Greenwich, 
from  the  following  data : 


Moon's  right  ascension  *  . 
Moon's  declination  ,  .  »  . 
Moon's  equatorial  hor,  par. 
Moon's  true  semi-diameter 


Jm.  I0.flb.  Or.  Mean  Time.  Jnn  Ifl.  Ih.  Gr.Mtfftn  Time. 


12h.  SSm.  IS.yys.!  12h.  37m.  2.80s. 

0°    5'  22". 3  S.     0°  19'  36".2  S. 

55'  32".8  55'  34".4 

15'  lO'M       I        15'  10" .6 


Eclipses  of  the  Sun. 


263 


Right  ascension  of  y  Virginis,  12h.  34m.  18433. ;  declination, 
0^  39^  \%'\\  south. 

Sidereal  time  of  mean  noon  at  Washington,  January  9,  19h. 
14m.  40.33s, 

Ans,  Immersion,  18h.  17m.  34s.  Washington  mean  time. 
Emersion,    19h.  36m.  45s.  ''  "        ** 

Angle  of  position  of  star  116*^,  from  north  point  toward  east, 
at  immersion. 

Angle  of  position  of  star  322°,  from  north  point  toward  east, 
at  emersion. 


Section   IV. 
dessel's  method  of  computing  solar  eclipses, 

(271.)  Bessel  has  developed  the  complete  theory  of  eclipses  in 
the  second  volume  of  his  Astronomical  Researches.  We  propose 
to  exhibit  the  main  points  of  thb  tlieory,  t^^gether  with  its  appli- 
cation to  the  determination  of  geographical  longitudes. 

Let  S  represent  the  csentre  of  the  sun,  M  that  of  the  moon,  E 


Ti^,  1. 


that  of  the  earth,  and  0  the  place  of  the  observer  on  the  earth's 
surface.  The  limbs  of  the  san  and  moon  will  ap]>ear  to  be  in 
contact  when  the  point  0  is  situated  on  the  surface  of  the  cone 
which  circumscribes  these  two  bodies.  There  are  two  such  cir- 
cumscribing cones,  One  of  them,  VTV^,  has  its  vertex  at  T, 
between  the  centres  of  the  sun  and  moon ;  the  other,  VT^V',  has 
its  vertex,  T^  in  the  prolongation  of  the  line  MS,  on  the  side  of 


b. 
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IV. «- 


z 


M^ 


the  mooE  which  is  opposite  to  tlie  sua.  If  the  point  0  is  situa- 
ted on  the  surface  of  the  first  cone,  an  observer  at  0  will  witness 
the  external  contact  of  the  disks  of  the  sun  and  moon  ;  but  if  0 
is  on  the  surface  of  the  i+econd  cono,  the  obt^rver  will  sec  the  in- 
ternal contact  of  the  disks. 

(272.)  In  order  to  obtain  the  equation  of  tliis  conical  surface, 
let  us  conceive  a  system  of  three  rectangular  axes,  whose  origin 
is  at  E,  the  centre  of  the  earth.  Let  the  axis  of  2:»  or  EZ,  be 
drawn  parallel  to  the  line  MS,  which  joins  the  centres  of  the  sun 
and  moon.  We  will  assume  that  the  positive  direction  of  this 
line  is  that  which  pro<^eeds  &om  the  moon  to  the  sun,  and  also 
that  the  positive  end  of  the  axis  EZ  corresponds  to  a  point  of  the 
celestial  sphere  whose  right  ascension  is  A  and  declination  D. 
Also,  we  will  suppose  that  the  axis  of;;/,  or  EY,  lies  in  the  plane 
wliich  passes  tlirough  EZ  and  the  north  pole  of  the  equator,  and 
that  the  positive  end  of  this  axis  is  directed  toward  a  point  of 
the  celestial  sphere  whose  right  ascension  is  A,  and  whose  dec 
UnatioQ  is  90°  +  D.  ,  The  third  axis,  or  the  axis  of  x,  is  the  Una 
EX,  which  is  perpendicular  to  the  plane  of  the  hour  eircle  ZEY, 
and  lies  in  the  equator,  at  the  distance  of  90'^  from  the  intersec* 
tion  of  the  equator  with  the  hour  circle  ZEY,  The  declination 
of  each  end  of  this  axis  will  be  zero ;  and  for  its  positive  direc- 
tion, we  will  assume  that  w^hich  corresponds  to  a  right  ascension 
of  90°  +  A»  We  accordingly  assume  that,  when  referred  to  the 
centre  of  the  earth, 

7%s  ahordinaUt  Dttermine  the  pemtitm 

a;,  y^  and  Zj      of  the  centre,  M,  of  the  moon ; 

x\  y%  and  z^,     of  the  centre,  S,  of  the  sun ; 

I,    *?,  and  ^,       of  tlie  point  0,  or  the  place  of  the  observer. 
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Also,  let  G==the  line  MS,  or  the  distance  from  the  moon  to 
the  »un ; 
**        f-ihe  angle  OTM^  or  OT'M,  which  the  axis  of  the 

cone  forms  with  its  side ; 
*'         «  =  the  perpendicular  distance  of  the  vertex  of  the 
cone  from  the  plane  YEX. 
Since  the  axis  EZ  is  parallel  to  the  line  MS,  we  have  i 


x^  —  Xf  f/=pi  and  z'^z-^G 


(1) 


(273.)  If  now,  from  the  vertex  of  the  cone  T,  and  from  the 
point  0,  we  draw  the  lines  TQ,  and  OB  perpendicular  to  the 
plane  XEY ;  also  the  lines  Q,L  and  BI  in  this  plane,  perjiendic- 
ular  to  the  axis  EY ;  and  the  line  IR,  parallel  to  the  line  BQ, 
we  shall  have 

0B=^,  EI=rf?,  BI  =  |;  TQ=5,  EL  =  7/,  Q.L  =  x; 
lh  =  7j'-fi,  and  RL-QL-QR  =  QL-Bl:=:c-^. 

Draw  the  plane  NOK  parallel  to  the  plane  YEX,  and  pacing 
through  0,  the  place  of  the  observer.  In  this  plane  draw  the 
lines  ON,  OH  parallel  with  the  axes  EY  and  EX  ;  let  the  line 
MS  produced  meet  the  plane  OHK  in  K,  and  draw  KN  perpen- 
dicular to  ON.     Then  we  shall  have 

In  the  triangle  TOK,  right-angled  at  K,  we  have 

OK 
tang./=taiig.  OTK  =  ^;  and  TK  =  TQ-KCl=s-C. 
IK 

Therefore      {x-if-h{f/-vf  =  {s-;ftmg.''f   ....  (2) 

This  equation  corresponds  to  the  conical  surface  in  the  case 
of  an  external  contact.  A  similar  one  may  he  deduced  for  the 
conical  shadow  in  the  case  of  an  internal  contact. 

(274.)  Since  both  tlie  sun  and  moon  are  sensibly  spherical,  wo 
may  represent  the  radius  of  the  moon  by  Ar,  and  that  of  the  sun 
by  k".  Then,  from  the  similar  triangles,  MTW  and  STV,  right- 
angled  at  W  and  V,  we  shall  have 

ST:SV:;MT:MW. 

Also,  ST  +  TM  =  G. 

And  ST-sm.  STV^SV, 

MT.sin.  MTW^MW, 

But       STV=MTW=/;  ST=z'-s;  MT  =  *-5. 

Consequently, 

z'-'S:k':i$^zik;  and  G  sin./^A'-f  A'. 
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Consider  now  the  coaical  surface  which  corresponds  to  the  in- 
t-e-rnal  contactj  and  whose  vertex  is  at  T'',  Fig,  2.     In  this  case 
we  shall  have 
T^M^CtM~QT^--r-5;T^S=r^-5,andMS=iT^S-T'M  =  a 

But 

rS  .sin.  VT'S=SV:^Ar^;  T^M .  sin.  WT'M  =  MW=  A:. 

Consequently,  in  the  case  of  an  intornal  contact,  we  shall 

have 

z'—sik'ilz—sik  ;  and  Or  sin.  /=  A*'  —  k. 

Hence,  by  reduction,  we  obtain  for  an  external  contact, 


zt-^z'k 


t-\-k 
Aldo,  for  an  internal  contact, 


,  and  sin.  /= 


s=- 


J  and  sin./= 


k'-k 


(275.)  It  remains  to  consider  in  what  cases  the  angle /is 
acute,  and  when  obtuse.  For  an  observer  at  the  point  0,  on 
the  earth's  surface^  the  vertex  of  the  conical  shadow  may  be 
situated  either  on  the  same  side  of  the  heavens  as  the  echpsing 
body,  or  on  the  opposite  side.  The  first  case  always  hapi>eiis  at 
an  external  contact,  and  also  at  an  intrcrnal  contact  in  an  annu- 
lar eclipse.  The  vertex  of  the  conical  shadow  is  then  found  ei- 
ther at  T,  Fig.  1,  or  at  T'',  Fig.  3.     The  second  case  happens 


T 


when  the  eclipse  is  total,  and  the  contact  an  inteinai  one ;  in 
which  case  T'',  Fig,  2,  is  situated  on  the  side  of  the  observer, 
which  is  opposite  to  the  sun.  If,  then,  we  reckon  the  angle  /, 
which  the  axis  of  the  cone  forms  with  its  side,  always  in  the 
same  direction,  we  shall  have  /=OTQ,  Fig.  1,  or  /:=OT''Q, 
both  of  wMch  angles  are  acute ;  and  /=  OT'Q,  Fig,  2,  which 
is  an  obtuse  angle.  Hence  we  see  that  for  an  external  contact 
the  angle  /  is  always  acute,  and  also  for  an  internal  contact  in 
annular  eclipses ;  but  for  an  internal  contact  in  total  eclipses 
this  angle  is  obtuse. 
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(276.)  We  will  now  eliminate  s  and  tang./  from  equation  (2), 
by  employiag  the  values  just  found. 


»/=l-sin.V=- 


tang.*/ 


_sin.V_ 


Hence 

{x-(y+{y- 


'cas.V     Gr^-Jk'zfk)'' 


if 


^^z'k 


V     {k'^kf 


(3) 


[k^{z-i;)^k(:^'-i)f 
G^-(k'^kf 

where  the  sign  +  belongs  to  the  external,  and  —  to  the  internal 
contacts. 
For  convenience,  let  us  put 
s(Ar'qrA)T*G 


s  tang. /t A  sec./, 


=  tang./ 


(4) 


By  substituting  z  +  G  for  z'  in  equation  (3),  we  obtain 

ix^^+{y-nr^(i-iir (5) 

Comparing  this  equation  with  equation  (2),  we  see  that 
1=8  tang./; 
and  this  represents  the  radius  of  the  circle  formed  by  the  in- 
tersection of  the  conical  shadow  with  the  plane  which  passes 
through  the  centre  of  tlie  earth,  and  perpendicular  to  the  axis 
of  z, 

(2770  ^^  will  now  show  how  tlie  values  of  a:,  f ,  ^, »?,  /,  i,  and 
^  may  be  computed  with  the  assistance  of  an  ephemeris.  For 
this  purpose,  conceive  a  new  system  of  rectangular  axes  intef" 
seet  ing  each  other  at  the  centre  of  the  earth.  Let  EZ,  the  new 
axis  of  Zy  be  directed  toward  the  north  jiole  of  the  equator ;  let 
EX,  the  new  axis  of  x,  be  sitnated  in  the  equator,  and  directed 
toward  a  point  of  the  heavens  whose  right  ascension,  a\  is  equal 
to  that  of  the  sun  from  the  earth.  Let  EY,  the  axis  of  ^,  be 
directed  toward  a  p<3int  of  the  equator  whose  right  ascension  is 
90°  + a';  and  also,  let  these  directions  correspond  to  the  posi- 
tive side  of  the  co-ordinate  axes.  Let  a,  «?,  and  r  represent  the 
true  right  ascension,  declination,  and  the  distance  of  the  rnoon's 
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centre  firom  that  of  the  earth ;  and  let  a^  d\  and  E  represent 
the  same  quantities  for  the  sun's  centre,  where  r  and  R  are  sup- 
posed to  refer  to  the  same  unit  of  length. 

Let  M  represent  the  centre  of 
the  moon,  and  from  it  let  fall  upon 
the  plane  XEY  the  perpendicular 
MN=^.  From  its  extremity  N, 
upon  the  line  EX,  let  fall  tlie  per-  ^ 
jiendicular  NR=r^,  and  represent 
ER  by  X. 

Then,  in  the  triangle  EMN, 
right-angled  at  N,  the  side  EM  /E  T 

—  r  ;  MN  =  z ;  and  the  angle 
MEN,  which  represents  the  in- 
chnation  of  the  Ene  EM  to  tlie 
equator,  is  =6. 

Hence  EN=r  cos*  6;  and  z=r  sin.  d. 

Alsoj  in  the  triangle  ENR,  right  angled  at  R,  the  angle 
NEE-a-^a^ 

Hence 

NR=y=:EN  sin.  (a~a')=r  oos.  6  sin.  {a— a'); 
and  ER— ;c=r  cog.  6  cos.  (a— a"). 

That  is,  we  find  the  co-ordinates  of  tlie  moon's  centre, 
parallel  to  the  new  axis  of  z,  to  he  r  sin.  6 ; 

•*  "  7/,      **     r  cos,  6  sin,  (a  — a') ; 

"  '*  re,      *'     r  coa  <J  cos.  (a— a). 

In  the  same  manner,  since  the  axis  of  x  has  the  same  right 
ascension  as  the  sun-s  centre,  tho  co-ordinates  of  tlie  sun 

parallel  to  the  axis  of  z  will  be  R  sin.  6' ; 
a  u  y       a        Oj 

««  **  a;      **       Rcos.  d^ 

(278.)  If  we  transfer  the  origin  of  co-ordinates  to  the  centre, 
M,  of  the  moon,  so  that  the  axis  of  z  shall  be  directed  toward 
the  pole,  the  axis  of  x  toward  a  point  whose  right  ascension  is 
a\  and  the  axis  of  p  toward  a  }x>int  whose  right  ascension  is 
90°  +  a',  these  co-ordinate  axes  w  ill  be  parallel  with  those  bt^fore 
mentioned,  and  we  shall  have  for  the  co-ordinates  of  the  centre 
of  tho  sun  referred  to  the  moon, 
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paraDel  to  tho  now  axis  of  r,         G  sin.  I) ; 

«  «*  p^         G  COS.  D  sin,  (A -a'); 

»  *'  X,         G  COS.  D  cc^.  {A- a'), 

since  the  right  ascension  of  the  sun's  centre,  seen  from  that  of 

the  moon  J  is  A,  its  declination  is  D,  and  it^  distance  is  G  (see 

page  264). 

Hence  wo  have 

G  sin.  D  — R  sin.  <5^— r  sin,  d, 

G  COS.  D  sin.  (A  — a')—  — r  cos-  6  sin*  {a  — a^), 

G  COS.  D  cos,  (A  — aO^R  cos.  d'  — r  cos.  <S  cos,  (a— a'). 

Ct  r 

Dividing  each  equation  by  R,  and  putting  ^—gi  and  :^  — e, 

we  shall  have 

g-  sin,  D— sin,  (5'  — c  sin.  <J,  \ 

g  cos,  D  sin,  (A  — a')=  ^e  cos.  6  sin,  (a— a'),  J  .  (B) 

g"  COS.  D  COS.  (A— a'')  =  cos,  6'—e  cos.  d  cos.  {a  —  a%  } 
from  which  A,  D,  and  g-  may  be  computed-     Dividing  the  sec- 
ond of  these  equations  by  the  third,  we  obtain 

i .        ,.  e  COS.  6  sin.  (a— a') 

tang,  (A-aO=="— T/ jT J-^ — 7v 

cos.  6'  —  e  COS.  S  cos.  (a— a  ) 

_        e  OPS.  S  sec,  d'  sin,  {a  — a') 

~      1  — €  009.  d  sec.  d^  cos.  (a— a')' 

Dividing  the  first  equation  by  the  third,  we  obtain 


tang.  D 


_(8in.  d^  —  e  sin,  6)  cos,  (A— a') 


COS.  S'  —  e  COS.  d  COS.  (a  — a') 
Also,  from  equation  third, 

_cos,  6'—€  COS.  d  COS.  (a— a"") 
^      '     cos.  D  COS.  (A  -  a')        ' 
In  solar  echpses  the  vain©  of  A  — a'  never  exceeds  a  few  sec* 
onds,  and  its  cosine  differs  from  unity  by  a  fraction  whith  is  in- 
appreciable in  the  first  seven  decimal  figures ;  and  therefore  the 
factor  cos.  (A —  a'),  in  the  la,st  two  formulas,  may  be  suppressed, 
(279.)  The  preceding  expression  for  the  value  of  D  may  be 
converted  into  an  expression  for  the  value  of  D  — d^  by  omitting 
the  factor  cos.  (a  — a^),  which  in  a  solar  eclipse  differs  but  little 
from  unity. 

By  Trig.,  Art.  77,  we  have 


taiig.(A-B)^>^g-^ 


tang,  B 
1+ tang,  A  tang.  B* 
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taiig.(D-<J')  = 


sin.  <y'— e  sin,  d 
COS.  6'—e  COB*  d 


-tang,  d' 


That  is, 


-  ,  sin*  6'  tang,  d'  —  e  sin.  6  tang,  6^ 

OGS.  d'  — e  COS.  d 

_      sin.  d'  — e  sin.  d— sin.  d'+e  cos.  d  tang,  d' 
~cos.  d'  — e  COS.  d+sin.  6'  tang.  6^—e  sin-  d  tang,  d' 

—e  sin.  d  COS.  d'+e  cos.  d  sin.  d"* 
~cos,^  d'— e  cos.  d  COS.  d'  +  sin.^  6'  —  e  ein.  d  sin.  d'* 
—  €  sin.  (d—d) 


tang.  (D  — d')  =  ^ 


1— e  COS.  (d  — d'j' 
But  since  6^-6'  is  a  small  arc,  we  may,  without  material  error," 
substitute  the  arc  for  its  sine,  and  wc  may  also  use  the  arc 
D-d'  instead  of  its  tangent,  and,  neglecting  the  factor  cos.  (6-6^)^ 
we  obtain 

1  —  e 
In  the  same  manner,  W6  obtain 

.        ,     e  COS.  d  sec.  d'  (a— a') 


AlsO| 


g-- 


1— e  cos,  d  sec.  6^ 
1  —  t  008.  dseo.  d^ 


COS.  D  sec.  d' 

or  g*  =  1  —  e,  very  nearly. 

{280.)  In  order  to  compute  x,  y^  etc.,  we  must  return  to  our 

original  system  of  co-ordinatesj  page  264,     Conceive  about  the 

point  E  a  sphere  to  be  described  with  any  radius  at  pleasure, 

and  let  M  represent  the  moon's  place 
upon  this  sphere.  Let  P  represent 
the  pole  of  the  equator,  and  let  Z,  Y, 
X  represent  the  points  w^here  this 
sphere  is  intersected  by  the  positive 
ends  of  the  above-mentioned  axes. 
In  this  system,  the  point  P  will  lie 
in  the  plane  of  the  great  circle  ZY ; 
and  the  points  M,  Z,  Y,  and  X  will 
be  determined  respectively  by  the 
right  ascensions  and  declinations  a 
and  d,  A  and  D,  A  and  OO'^  +  D, 

90^+AandO^ 
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The  co-ordinates  r,  y^  and  x  of  the  point  M,  in  respect  to  E, 
taken  parallel  to  the  above-mentioned  axes,  are  equal  to  the  pro- 
jections of  the  line  EM  =  r  on  theso  axes,  or  to  the  products  of 
the  line  EM,  by  the  cosines  of  the  arcs  ZM,  YM»  and  XM.  The 
cosines  of  these  arcs  may  be  derived  from  the  spherical  triangles 
ZPM,  YPM,  and  XPM,  in  which  the  side  ZP  =  90<^-I),  MP 
^90^-J,YP^D,XP-90<^;  also,  the  angle  ZPM:- A -a,  YPM 
=  180Q-(A-a),  and  XPM==90^+A--a. 

Hence,  by  Spherical  Trigonometry,  Art  225,  we  obtain 


s^r  [sin.  D  sin.  (5+ cos.  D  cos.  6  cos.  {a— A)),  ) 
y=r  [cos,  D  sin.  d— sin.  D  cos.  6  cos.  (a  — A)],  i 


(7) 


a:=r  COS.  6  sin.  (a— A), 

The  above  expression  for  the  valne  of  y  is  subject  to  the  in- 
convenience of  furnishing  y  by  means  of  the  difference  of  two 
largo  numbers.  We  may,  however,  easily  transform  it  into  an- 
other  which  is  free  from  this  inconvenience. 

Since  cos.  2:  =  cos.'  ix  — sin.^  \x;  that  is,  cos.  (a— A)  — 
cos.^  |(a— A)— sin.^  i(a— A),  and  sin,^z+cos.^a:=lj  by  substi- 
tution and  reduction  we  obtain 

z=r  [cos,  (J-D)  cm?  |(a-A)— cos.  (ii  +  D)  sin.^  i[a^K)\, 

l^-r[8in.  ((J-D)cos.^i(a^A)+sin.  (d+D)  sin.M(a-A)J. 

(281.)  Having  thus  computed  z,  ^,  and  2",  w*e  can  find  s',  y\ 
and  x"  by  the  following  expressions  : 

z'-z-l-Qy  y'—yj  and  x^—x. 

Conceive  now  that  M  in  the  preceding  figure  no  longer  repre- 
sents the  moon's  centre,  but  the  geocentric  zenith  of  the  observ- 
er ;  the  declination  of  the  point  M  wiil  then  be  equal  to  4p%  or  the 
geocentric  latitude  of  the  place  of  observation  ;  and  its  right  as- 
cension will  be  equal  to  ^t,  the  sidereal  time  of  the  observ^er  ex- 
pressed in  degrees.  If,  then,  wo  represent  the  distance  of  the 
observer  from  the  centre  of  the  earth  by  p,  we  shall  obtain  the 
values  of  <»  ?/,  and  |  from  equations  (7),  by  substituting  p,  ^,  and 
0'  in  place  of  r,  a,  and  d.     We  thus  obtain 

^f=p  [sin.  D  sin.  (^'-fcos,  D  00s.  ^'  cos.  {^i— A)],  ) 

ty^p  [cos,  D  sin.  <;^^  — sin.  D  cos.  ^'  cos.  (;*— A)],  J  .  .  (8) 

^~p  cos.  0'  sin.  (/i— A).  ) 

(282.)  The  unit  to  which  the  lengths  of  the  lines  r,  R,  and  p 
are  referred  is  entirely  arbitrary.  Bessel  has  chosen  for  this  unit, 
as  being  most  convenient  for  computation,  the  equatorial  ratlins 
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of  the  earth.  If  we  represent  the  moon's  equatorial  horizontal 
parallax  by  tt,  the  sun's  mean  horizontal  parallax  by  'n^,  and  the 
distance  from  the  centre  of  the  earth  to  that  of  tho  snn  hy  t\ 
expressed  as  in  the  solar  tables,  where  the  mean  distance  of  the 
earth  from  the  sun  is  considered  as  unity ;  then,  if  the  equato- 
rial radius  of  the  earth  be  taken  as  unity, 
1  ,^         r- 


T  —  - 


and  R^ 


sill. 


sm,  7f 

Let  H  represent  the  mean  radius  of  the  sun,  or  the  apparent 
radius  of  the  sun's  disk  at  the  distance  r'  =  l ;  then  the  linear 
radius  of  the  sun,  or  k%  the  equatorial  radius  of  the  earth  being 
taken  as  unity,  will  be  represented  by 

sin.  H 


A^=' 


sin.  TT 


(9) 


Consequently,  for  all  eclipses  of  the  sun  wc  shall  have 


r=- 


^  — - 


sin.  TT 


sin*  77 


K^ 


b- .  sin. 


sin.  /= 


r  sm.  TT 

sin.  Ti±^k  sin,  tt' 


r'g 


(10) 


s.tang«/=/=5  tang. /i: A  sec./, 
where  the  sign  +  applies  to  an  external  contact,  and  —  to  an  in- 
ternal contact. 

(283.)  The  numerator  of  the  expression  for  sin.  /  is  constant 
for  all  eclipses  of  the  sun.  From  the  transits  of  Venus  in  the 
years  1761  and  1769,  Encke  has  determined  ?r^  =  8''.5776 ;  from 
Bessel's  measurements  at  the  transit  of  Mercury  in  the  year  1832, 
H  was  determined  —  959''.788;  and  according  to  Burckhardt's 
tables  of  the  moon,  if  we  take  the  equatorial  radius  of  the  earth 
as  unity,  the  linear  radius  of  the  moon,  or  t,  will  be  equal  to 
0.2725.     Hence  we  have  generally  • 

log.  sin.  Tr'^  5.6189407;  J 

log.  (sin,  H  +  A:  sin.  tt') =7.6688050;  J  ,  .  .  (11) 
log.  (sin.  H- A  sin.  Tr')  =  7.6666896.   ) 
(284.)  Let  0  represent  the  geographical  latitude  of  a  given 
place,  0'  its  geocentric  latitude,  and  w  the  east  longitude  of  the 
place  from  the  meridian  of  the  ephemeris  expressed  in  time. 

The  beginning  and  end  of  the  eclipse  can  nowhere  happen 
many  hours  before  or  after  the  middle  of  the  eclipse,  as  given  in 
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the  ephemeris.  Let,  then,  T  rcpresont  the  mean  solar  time  cor- 
responding to  the  mkldle  of  the  eclipse  under  the  meridian  for 
whioii  the  ephemeris  is  computed ;  T  +  w  will  be  the  corre.spond- 
ing  mean  time  of  the  middle  under  the  meridian  of  the  given 
place.  If  we  represent  the  mean  time  of  the  beginning  or  exid 
of  the  eclipse  at  the  given  place  by  T-f<^  +  ^  we  may  be  sure 
that  t  is  a  short  interval  of  time.  If  we  have  nut  the  use  of  an 
astronomical  ephemeris,  we  may  employ  the  solar  and  lunar  ta- 
bles^ and  may  assume  for  T  either  the  time  of  true  coiijonction, 
or,  still  better,  the  time  of  middle  of  the  eclipse  for  the  earth 
generally. 

For  the  mean  times  T— Ih.,  T,  and  T  +  lb.,  compute  from 
the  ephemeris  tlic  values  of  a,  f5,  and  tt  for  the  moon ;  also  a%  6\ 
f  end  r'  for  the  sun.  Compute  from  equations  (6)  the  values  of 
A,  Dt  and  g- ;  and  from  equations  (7)  the  values  of  r,  //,  (xnd  x. 
Also,  compute  the  values  of  I  and  log.  i  from  ef|uations  (4)  and 
(10).  Since  the  values  of  /  and  log.  i  change  but  slowly,  when 
only  an  approximate  computation  is  required,  wo  may  assume 
that  these  quantities  remain  constant  throughout  the  entire  du- 
ration of  the  eclipse, 

(285-)  Wc  will  now  assume  that  for  the  mean  times  T  — Ih. 
and  T-flh*,  under  the  meridian  of  the  ephemeris,  the  co-ordi- 
nates :r,  ^,  and  z  have  the  values 

P-P%  *l-^i\  ft- A',  andp-f y,  q-k-q'  b^b'; 
which  values  will  l>e  general  for  all  parts  of  the  earth.  But  for 
the  given  place  we  must  also  compute  the  sidereal  times  which, 
under  the  meridian  of  tlio  place,  correspond  to  the  instants  when 
the  mean  times  T  —  Ih.  and  T  -f  Ih.  occurred  under  the  meridian 
of  the  epbcmeris,  We  then  compute  from  equations  (8)  the 
values  of  the  ro-ordinat«58  J,  ri^  and  <  fur  the  given  place ;  and  Wo 
will  assume  tlmt  these  co-t»rdinates  for  tlie  two  instants  above 
nieutioncd  are 

w— tt',  v  —  v\  w  —  w%  and  u-^u\  v+v%  w-f  w'. 

We  may  now  assume  approximately  that  at  the  time  T,  un- 
der the  meridian  of  the  ephemeris,  the  values  of  x,  y,  z^  ^,  i^,  and 
^  are  equal  to  /;,  q^  b,  u,  ?',  and  ir,  and  that  tho  hourly  yaria- 
tions  of  these  values  are  rcpresente<i  by  ;/',  f/",  b\  u\  v\  and  w'; 
also  that,  during  a  mcHlerate  interval  of  time,  the  change  of  the 
preceding  values  is  pro[>grtional  to  the  time*     We  shall  there- 
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fore  find  approximately  for  the  mean  time  T+/,  under  the  me- 
ridian of  the  ephemeris, 

x-p^p't;  y^q-\-(tt;  z=b^b't ; 

where  t  is  expressed  in  hours  and  fractions  of  an  hour. 
Substituting  these  values  in  equation  (5),  wo  obtain 

(286*)  In  order  to  iiicilitate  the  computation,  we  will  assume 
p^u=m  sin.  M ;  p'—u'=n  sin,  N,  \ 
g-^u  — wcos.  M;  (7^— i?'=M  COS.  N,  ?   *  .  .  (12) 
l-ii^h^  ) 

where  m  and  n  are  always  to  be  considered  positive.     Substi- 
tuting these  vahies,  we  obtain 

{m  sin.  M4-**^  sua.  N)^  +  (?rt  cos.  M+7i^  cos,  N)^==L^ 
By  expanding  this  equation^  we  obtain 

m^  sin.^  M+2mnt  sin.  M  sin.  N+«^^-  sin.^  N 
+  m^  eos.^  M+2m??i  cos.  M  cos.  N+^*^^^  cos.^  N 
But  since  sin.^  +cos.^  =  1,  we  have 

fii'+2mni  cos.  (M-N)+w^/'  =  L^ 
or 

m^sin.^(M-N)+w^cos.2(M-N)+2m«icos.(M-N)-hfi^/^i=L'; 
that  is,    m^  sin}  (M-N)  +  twi  cos.  (M.-''ii)  +  ntf=L\ 
Let  us  assume 

m  aiu.  (M— N) 


=  L^ 


=sm.  ^1 


(13) 


then,  if  an  eclipse  actually  takes  place,  it  will  always  be  possi* 
ble  to  compute  the  angle  ^p*  Substituting  sin.  ip  in  the  last  equa- 
tion but  one,  we  hav^e 

L^  sin.^  V^+[m  cos.  (M^N)  +  ?iif  =  LS 
Cff        [m  cos.  (M-N)  +  ?^if  =  L^(i-=sin.-  xp)^U  cos.'*  if. 
Extracting  the  square  root, 

m  COS.  (M— N)  +  «iEzii  ±L  cos.  -^^ 

m  006,  (M— N)    L  COS,  V 

or  t= ^ '±^^^^ — r 

n  n 

where  the  unit  to  which  t  refers  is  the  mean  solar  hour. 

It  is  obvious  that  the  greater  of  the  two  values  of  /,  under* 

stood  in  a  positive  sense,  must  correspond  to  the  end  of  the 

eclipse,  and  the  least  of  the  two  to  the  beginning.     Assuming 
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the  angle  t/;  to  be  taken  in  either  the  first  or  fourth  quadrant, 
we  find  for  the  given  place,  in  mean  time  of  the  place, 

Beginning  of  the  eclipse  at 


T+w-^  COS.  (M-N)-^  COS.  V, 
n  n 


End  **  "  T+aj--cos.  (M^N)  +  - COS.  t/i, 

n  fi 

where  wo  may  employ  the  value  of  /  instead  of  L  without  ma* 
terial  error. 

(287.)  The  hourly  variations  of  |  and  r^  may  be  found  by  dif- 
ferentiating the  values  of  f  and  7}  in  equations  (8).  We  thus 
obtain 


d't 


-p  cos.  0'  cos*  (/^— A) 


^-  -p  sm.  <(>'  sm,  D^-p  cos.  0^  cos.  D  cos.  {^-A)-^ 
+p  oos.  <p'  sin,  D  sin.  (/i  — A)    ^^^    \ 


dT 


or 


dD 


ri^-A)      , 

The  unit  of  time  is  here  taken  at  one  hour,  and  the  above 
values  must  be  expressed  in  parts  of  radius. 

(288.)  In  order  to  determine  on  what  point  of  the  sun's  disk 
the  first  and  last  contacts  will  take  place j  conceive  a  line  which 
passes  through  the  place  of  the  observer,  parallel  to  the  line 
which  joins  the  centres  of  the  sun  and  moon,  and  directed  to- 
ward the  positive  side  of  the  axis  of  z  ;  the  plane  whieh  passes 
through  this  line,  and  is  parallel  to  the  axis  of  1/  (see  figure,  page 
263),  makes,  with  tlie  plane  which  passes  through  the  former 
line  and  the  apparent  place  of  the  moon,  the  angle  KON,  whose 

tangent  is  tt^— ^.     Represent  this  angle  by  Q.     Since  tlie 

sun  is  at  a  great  distance  from  the  earth  and  moon,  the  line 
which  joins  the  centres  of  the  sun  and  moon  at  the  time  of  an 
eclipse  forms  a  very  small  angle  with  that  which  passes  through 
the  place  of  the  observer  and  the  sun.  We  may  therefore  as- 
sume that  the  angle  Q  is  the  same  as  that  Avhich  is  formed  at 
the  sun's  centre  by  the  hour  circle  of  the  sun,  and  that  circle 
which  passes  through  the  sun's  centre  and  the  point  of  the  sun's 
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limb  where  the  first  or  last  contact  takes  place.     Consequently, 
we  shall  have 

tang.  Q=^. 

But  X— $=;?-w+(p'-w')^ 

=m  sin.  M+«/  sin.  N,  by  equation  12. 
Also,  nt^i—m  cos.  (M— N):fL  cos.  V^. 

Hence 

a;— |=m  sin.  M— w  sin.  N  cos.  (M--N)=i=L  cos.  V^  sin.  N. 
But 
sin  M— sin.  N  cos.  (M— N)  = 

=sin.  M  — sin.  N  cos.  M  cos.  N— sin.  N  sin.  M  sin.  N 
=sin.  M(l— sin.*  N)— sin.  N  cos.  M  cos.  N 
=sin.  M  cos.  N  cos.  N— sin.  N  cos.  M  cos.  N 
=cos.  N  sin.  (M— N). 
That  is, 

re— f=m  sin.  (M  — N)  cos.  NqpL  cos.  V^  sin.  N. 

But  L=''L!iMMz:N) 

sin.  '^ 

Hence 

w  sm.  (M«-N)  COS.  N  sin.  ^l)^^m  cos.  V>  sin.  N  sin.  (M— N) 

sm.  yj) 

m  sin.  (M  — N)  (         iwr   •      ,      •     xt  .1 

— _.^ /-  {  cos.  N  sm.  t/iqpsm.  N  cos.  ^b  \ 

=  =Fli  sin.  (Nqi^;). 
In  the  same  manner,  we  find 

y—ri=  =fL  cos.  (NtV^). 
Hence,  for  the  first  contact, 

a;-^=-L  sin.  (N-V^)=::L  sin.  (N+lSOo-V'), 
y-i/=-L  cos.  (N-i/»)  =  L  cos.  (N 4- 180°-^); 
and  for  the  last  contact, 

a:— f =L  sin.  (N+V^), 
y— ^=L  COS.  (N-f  V')' 
That  is,  for  the  first  contact, 

tang.  Q = tang.  (N+ 180^  - ^p), 

or  q=N+180o~V; 

and  for  the  last  contact, 

tang.  Q=tang.  (N-fV')* 

or  Q  =  N+V». 
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(289.)  The  angle  Q,  is  measured  on  the  sun's  limb,  from  his 
north  point  by  the  east,  from  0^  to  360^.  If  we  conceive  an 
hour  circle  drawn  through  the  eun's  centre,  Q  will  represent  the 
angle  cornpreheniled  between  the  intersection  of  this*  hour  circle 
with  the  sun's  disk  and  the  point  of  first  or  last  contact.  If  the 
observer  has  an  equatorial  telesoope,  he  may  easily  determine 
the  north  point  of  the  sun's  diifk  by  the  method  explained  in  Art. 
42.  If  the  telescope  is  not  ec|uatorially  mounted,  we  mu^t  refer 
the  point-s  of  first  and  last  contact  to  the  vertex  of  the  sun's  disk ; 
for  wliich  pur|>oso  we  must  compute  the  angle  P,  which  is  form- 
ed at  the  sun's  centre  by  an  hour  circle  and  a  vertical  circle,  as 
explained  in  Art,  145.  The  north  point  of  the  sun's  disk  will  be 
situated  to  the  right  of  the  vertex  if  tlie  sun  is  west  of  the  me- 
ridian, but  on  the  left  of  the  vGrtax  if  it  is  cost  of  the  meridian. 

(290.)  The  following  is  a  recapitulation  of  the  formula;  em- 
ployed in  this  computation : 

Let  T  represent  a  convenient  assumed  time  near  to  the  time 
of  conjunction.     Take  from  the  ephemeris,  for  two  or  three  full 
hours  preceding  and  following  T,  the  following  c)uantiti€s : 
a=the  moon's  right  ascension,       ct'  =  the  sun's  right  ascension, 
c5  =  the  moon's  declination,  d'  — the  sun's  declination, 

7T=the  moon's  equ.  hor.  parallax,  r'=tho  earth's  radius  vector* 

Then  compute  the  C^llowing  quantities : 

sill.  8^^.5776  1 


6=- 


r=- 


r'  sm.  n    '  sm.  tt 

log.  sin.  8'^5776  =  5.6189407, 

e  cos,  6  sec.  d''(a— a') 
1  — e  cos.  6  sec.  d' 

1— fc'  cos.  6  sec.  d' 


^        cos.  D  set.  d'    ' 

as  — r  cos,  d  sin.  (a— A), 

^^rsin.  (d— D)  cosri  (a— A)-f  rsin.  {dH-D)sin.^J(a  — A), 

:r=r  cos,  (d— D)  cos.^J  (a— A)  — r  cos.  (dH-D)sin.^i(a— A), 

.     ,,    7.6688050,,  *       ,       *    *^ 

sm.  /=   — — (for  an  external  contact), 


sin./: 


7.6666896 


(for  an  internal  contact), 
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f=tang./, 
^  =  0.2725, 
/=z  taag-Z^Ar  sec./ 
Compete,  also,  the  following  quantities  for  the  given  place, 
where 

^— the  sidereal  time  of  the  place  of  observation ; 
^i"  =  the  8ame  for  the  meridian  of  the  ephemeris ; 
ct> "  tlie  longitude  of  the  place  of  observation ;  east  longitudes 

being  considered  {[lo^itivo,  west  longitudes  negative ; 
0'==the  geocentTic  latitude  of  the  place  of  observation ; 
p^the  earth's  radius  for  the  place  of  observation. 
^—p  cos.  <p'  sin.  (^— A), 

7}—p  sin.  0'  COS,  D— p  COS.  0'  sin.  D  cos.  (fi  — A), 
<  =  p  sin.  0'  sin-  D+p  cos.  <p^  cos.  D  cos,  {^  — A)^ 
d^=p  COS.  ^'  COS.  (^— A)  fi(/i— A), 
dfi=$»in.  D  rfO*-A)-^<(fl), 
m  sin.  M  =  a:— ^, 
«i  cos.  M^y— 77, 
»  sin.  N=.7/— f/f, 
»  cos,  N=^'— rf^, 

x'  =  the  hourly  variation  of  a:, 
y'=rthe  hourly  variation  of  y. 
HI  and  n  arc  always  positive. 

sin.  -0—1-  sin.  {M— N). 
ij}  must  be  taken  in  the  first  or  fourth  quadrant 
For  beginning  of  eclipse^   /^  =  — -  00s.  (M  —  N)  —  —  cos.  1/;. 

U= COS.  (M--N)4-^  cos.  t/'. 


For  end  of  eclipse, 


Time  of  beginning  of  eclipse,  =  T  -f  w+ ^,. 

Time  of  end  of  eclipse,  ^  T  H-  w + ^j. 

Angle  from  north  point  for  beginning,  =180°  +  N— i^^Q,. 
Angle  from  north  point  for  end,  =N  +  V'~Qt* 

Angle  from  vertex,  =Q-f  P=V. 

(291.)  Example.  It  is  required  to  compute  the  time  of  begin- 
ning and  end  of  the  solar  eclipse  of  July  28, 1851,  for  Cambridge 
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Observatory,  latitnde  42°  22'  48''  north,  longitude  4k  44m.  SOs. 
west  of  Gfreenwich. 

The  right  ascension  and  declination  of  the  moon  are  computed 
for  the  Nautical  Alraanao  for  each  noon  antl  midnight,  exam- 
ined by  means  of  diflerences  to  the  fourth  order,  and  intcr{Kjlated 
for  every  hour.  The  following  places  of  the  moon  for  several 
hours  before  and  after  conjunction  have  been  interpokted  from 
the  computed  places  in  the  Nautical  Almanac,  regard  being  had 
to  dift'erenoes  of  the  fifth  order.  The  places  of  the  sun  have  also 
been  carefully  intcrpulatod. 


For  the  Moon. 


Onrawieli  mai 
Tlnw. 

aSolw 

•  -B.  A. 

<-D«. 

r^Pftnill&x. 

July  28, 

0 

125  40     6.75 

^    3  30.00 

60  27.600 

1 

136  19     9.41 

19  58    9.36 

60  28.710 

a 

126  58  10.80 

19  52  39.98 

60  29.794 

li 

127  37  10.82 

19  47     1.91 

60  30.851 

4 

128  16    9.37 

19  41  15.20 

60  31.880 

5 

128  55    6.36 

19  35  19.88 

60  32.882 

Far  the  Sun. 


BtMnwicrimoao 
Solu  Time. 

tf'-R.A. 

i-Dtc. 

OMano!. 

TliiMt  ndoetd  to  An. 

July  28,  0  127    6    5.25 

19  5  24.70 

0.0065782 

125  33  19.05 

«        1 127    8  32.63 

4  50.23 

65761 

140  35  46.90 

"        2127  10  59.99 

4  15.74 

65739|155  38  14.74 

"       3,127  13  27.34 

3  41.21 

657 1«;  170  40  42.59 

4,127  15  54.67 

3    6.64 

65697;  185  43  10.44 

«       61127  18  21.99, 

2  32.04 

65675J200  45  38.29 
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A  portion  of  the  labor  of  the  preceding  computation  may  be 
saved  by  the  use  of  a  table  by  Zech,  which  furnishes  the  loga* 
rithin  of  the  sum,  or  difterenee  of  two  numbers  whieh  are  known 
only  by  their  logarithnLS.  This  table  is  contained  in  Hiilssje's 
Samtnlung  matheraatischer  TaJeln.     Leipzig,  lb49. 

The  following  are  the  results  for  a;,  y,  and  z : 


Il«mr. 

^ 

f' 

Dm: 

y 

y 

oiir. 

Log.  t    1  mtr,  1 

0 

-L33878D 

+  5694B7 

+  ,e68&08 

-.063013 

L7546447 

431 

1 

-- 0  709309 

+.5B9544 

+  57 

+  885495 

-.083379 

-366 

1  75'16026 

832 

% 

-nJ99758 

+  .5fi9543 

-     1 

+  802116 

^083730 

-351 

1.7545ltM 

124S 

3 

+  0.360785 

+  .560483 

-   60 

+.718380 

-  0S4073 

-343 

17543952 

1667 

4 

+0,939268 

+  .569365 

-118 

+  63431? 

'. 0844 13 

^340 

1.7542295 

2068 

fi 

+  L508ft33 

+  5.19901 

17540237 

(292,)  The  preceding  quantities  are  independent  of  geograph- 
ical position,  and  ^erve  not  only  fur  caleulating  the  times  of  be- 
ginning, etc.,  of  the  eclipse  for  any  place  at  which  it  may  be 
\4sible,  but  also  for  the  calculations  requisite  to  determine  the 
longitude  of  a  place  frotn  the  observed  time  of  beginning  and  end. 

Compntaihm  of  the  beginning  and  end  of  the  Eclipse  for 

Cambridge,  by  Formuhty  pdg^  -7H, 

«*)=  -71^  r  30^';  ^^=42^  11"  2V\\  ;  log.  ^.  =  9.9993429. 

For  a  first  approximation  wo  will  assume  T  — 2h.  Grecnwinh 

time 

fi'=     150"  38' 15" 

«j=-_7i^_rjo^ 

^=;<'+w=       84°  30'  46" 


poos.  «>'  =  9.869121 

siD.  0=9.514161 

cos,  (ft -A) =9.866437 


A=     127°  11'    2" 


,t-A=-  42°  40'  17" 

p= 9.999343 
COS.  ^'  =  9.869778 
sin.  (/i-A)  =  9.831097« 
f= -.50144= 9.70021 8» 

p= 9.999343 

sin.  0'= 9.827098 

D= 190  4'  9"  COS. =9.975489 

.63377=9.801930 


.17771  =  9.249719 

7;= +.45600 

p  sin.  ^'=9.826411 

sin.  D  =  0514161 

.21908=9.340602 

pcos.  0'i=  9.869121 

COS.  D  =  9.976489 

COS.  (/*- A)  =  9.866437 

.51410  =  9.711047 

<;= +.73318 
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The  hourly  variation  of /«— A, 
that  is, 

%-A)^15oO'5".6, 
which,  in  parts  of  radius,  is 
.2618265. 

pcos.f'  =  9.869131 
COB.  (p- A)  ^9.866437 
%- A) =9.418014 
rff= +  .14242-^9:153572 
log.  |=9.700218a 
sin.  D= 9.514161 
rf(,t-A)=9^4l8014_ 
-. 04289 =8.632393« 
rfD=-33".8, 
which,  in  parts  of  radius,  is 
.0001638. 

log.  <= 9.8662 
rfD-6.2143» 
-. 00012 =6.0795» 
rfi,= -.04277 

a;  =-.19976 

g= -.50144 

z- 5  ^+.30168 

y^     .80212 

,=     .45606 

f/-^=     .34606 

log.  (x-f) =9.479546 

log.  (y-»;)  =  9.539151 

tang.  M= 9.940395 

M=41°4'50" 

l«g.(s-f)=9.479546 

«io.M= 9.817644 

m=9.661902 


x'= +.56954 
d^= +.44242 
a;'-rf|= +  .42712 
y'= -.08355 
dti=-M'277 
y'— rf^=-.04U78 
log.  (a:'-rfj)  =  9.630550 
log.  (y'-dn)  =  S.610447n 
tang.  N  =  1.020103m 
N  =  95=>  27'  14" 

log.  (a:'-rfj)  =  9,630550 

Bin.  N  =  9.998029 

71  =  9.632521 

log.  ^=9.8652 
t= 7.6632 
i*<=. 00338  =  7.5284 
f=  .53418 
L  =  .53080 

M=  41°    4'  50" 

N=  95°  27'  14" 

M-N  =  305o  37  36" 

Bin.(M-N)=9.910000» 

OT  =  9.661902 

L  comp.  =  0.275069 

ein.  v=r  9.84697 1« 

V=316°19'47" 

COS.  (M-N)  =  9.765297 

m =9.661902 

corap.  B= 0.367479 

+  .62327=9.794678 

COS.  V= 9-851970 

L  =9.724931 

comp.  H  =0,367479 

+.87979  =  9.944380 
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^^»^  Hence         t,--  1.50306h,  j  t^-  +0.25652h.                                  ^^| 

^H        Beginning    .....   =TH-A-0.49694h.  Greenwich  time,                ^H 

^^        End, =T  +  /»=2.2o652h.                                           ^H 

^^     which  are  oaly  to  be  considered  as  approximate  values.                        ^^H 

^^H         For  a  second  approximation  we  will  assume  O.dh.  for  the  he-           ^^H 

^^^     ginning,  and  2.25h.  for  the  end.                                                                ^^H 

^H                                                                                            \              QegiiinlTii;. 

^^^H 

K 

0.5h.  Crr.  in.  t. 

2.25h.  Or.  m.  t.            ^H 

^h_ 

133     4  32:97 

159  23  51.7             ^H 

^^^^^^ft 

-  71     7  30. 

-  71     7  30.                ^H 

^^^^H         fi=/+&i 

61  57     2.97 

88  16  21.7             ^H 

^^^m 

127     7  28.36 

127  11  37.34           ^H 

^^m 

-  65  10  25.39 

-  38  55  15.64           ^H 

^^H 

19     4  59.66 

19     4    0.50           ^H 

^^^^^^      p 

9.8691208 

9.8691208             ^^ 

^^^^^K           sin.  (/{— A) 

9.9578873rt 

D.7981314n                 ■ 

^^^K                log.l 

9.827008 1» 

9.6672522/1                 ■ 

^^^K 

-.671441 

-.464785                    ^M 

^^^^^■^             p  sin.  0' 

9.8264412 

0.8264412            ^H 

^^^^^^                COS.  D 

9.9754523 

9.9754953            ^H 

^^B             l°g-  P  sio-  ¥  co^  I) 

9.801S935 

9.8019365            ^H 

V                                       p  COS.  <^' 

9.8691208 

9.8691208            ^H 

"                             sin.  D 

9.5144700 

9.5141097            ^H 

COS.  (fi— A) 

9.6231132 

9.8909867            ^H 

log.  p  003.  ^'  sin.  D  COS.  (^— A) 

9.0067040 

9.2742172             ^H 

p  sin.  0'  COS.  D 

.633714 

.633777                     ^H 

p  COS.  <^'  sin.  D  COS.  (ju— A) 

.101556 

.188026                     ^H 

"7 

+  .532158 

+  .445751                     ^H 

p  sin.  ^' 

9.8264412 

9.8264413             ^H 

sin.  D 

9.5144700 

9.5141097             ^H 

log.  p  sin.  ij)'  sin.  D 

9.3409112 

9.3405509             ^H 

^^^^^^                COS.  <p' 

9.8691208 

9.8691208             ^H 

^^^^^^T                cos.  I) 

9.9754523 

9.9751953              ^H 

V                        cos.  (;t— A) 

9.6231132 

9.8909867             ^H 

H           log.  p  COS.  0'  COS,  D  COS.  (p — A) 

9,4676863 

9.7356028             ^H 

H                     p  sin.  0'  sin.  D 

.219236 

.219054                     ^H 

H            p  COS.  0'  COS.  D  oos.  (^— A) 

.293563 

.544005                     ^H 

^k 

+.512789 

+.763059                     ^H 

^^K^                            p  COS.  0' 

9.8691208 

9.8691208             ^H 

^^^^^            COS.  (p— A) 

9.6231132 

9.8J09867             ^B 

^^B              %-A) 

9.4180136 

9.^11^0136            ^H 

^^^B                log-  d^ 

8.9102476 

9.1781211             ^H 

^^H 

+.081329 

+  .150703                      ^H 
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1                 Eod.                                ■ 

^^H 

9.82700Sl« 

9.fJ672522n          1 

^^^^H                      sin.  D 

9.5144700 

9,5141097            ■ 

^^H 

9.4180136 

9,4180136            I 

^^^H            log.  ^  sin.  D(l{fi~A) 

8.7.394917n[         8.599375on          fl 

^^H 

9.7099 

9.8826                  ■ 

^^^B 

G.2143/t 

6.2143»                ■ 

^^H                     log.  iilD 

5.9242« 

6.0969n                 I 

^^^H               lain.  Dr/(fi-A) 

-  .057477 

-  .039754                 H 

^^^l 

-   .0O00S4 

-   .000125                  ■ 

^^m 

-   .057393 

-  .039629                 M 

^^^^H 

-1.05405(3 

-0,057375            ^M 

^^H 

-U.H71441 

-0.464785            ^H 

^^H 

-0.3S2G15 

+  0.407410            ^H 

^^^H 

+  0.927049 

+  0,781216              ~ 

^^^H 

+0,532158 

+  0.445751 

^^^H 

+  0.394891 

+  0.335465 

^^^H                     log.  (x-^) 

9.5827620« 

9.6100317 

^^^H               log'tv-'i) 

9,5964772 

9.525(5472 

^^^^^H 

9,9862848rt 

0,0843845 

^^^^H 

315°  54'  16".4 

50°  31'  54' .0 

^^^H                  log.  {x-i) 

9.5827620/1 

9,6100317 

^^^^H 

9.8425192« 

9.8876038 

^^^^^H 

9,7402428 

9.7224279 

^^^^^H 

+0.5C9487 

+  0.569543 

^^H 

+  0,US1329 

+  0.150703            ^H 

^^^m               x'~dk 

+  0.488158 

+  0.418840             ^ 

^^H 

-0.083013 

-0.083643 

^^B 

-0.057393 

-0,039629 

^^H 

-0.025620 

-0.044014 

^^H                  log.(z'-(^^) 

9.6S85G04 

9.6220482 

^^H             log.  (#'-d>}) 

8.40S5791» 

8.6435908» 

^^^^H                      tang.  N 

1.2799813« 

0.9784574» 

93^  0'  15".5 

95°  59'  56".2 

^^H                 log.  (z'-</$) 

9,6885604 

9.6220482 

^^^^H 

9.9994027 

9.9976152 

^^^^H 

9,6891577 

9.6244330 

^^H             log-^ 

9.70994 

9.88256 

^^^^^B 

7.66324 

7.66325 

^^H 

7.37318 

7.54581 

^^H 

,002361 

.003514           ^m 

^^^H 

,534242 

.534162           •      ^H 

^^^l                  L=/-f; 

.531881 

.530648                       m 

^^H 

^^^^^^^H.  «' 

222'^  54'  0",9 
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m 

Bcfjiinlng. 

Znd.                                     ^^H 

1                    sin,  (M-N) 

9.8329711m 

9.8529982»             H 

^^m                                      ^ 

9.7402428 

9.7224279               ^M 

^^B                comp.  L 

0.2741855 

0.2751934               ^1 

^^^^K             sin.  \(t 

9.8473994b 

9.8506195n             ^M 

^^H 

315°  16'  25".8 

314°  50'  Sd-'.S              ^M 

^^H       cos,  (M-N) 

9.8648313n 

9.8459141               ■ 

^^^^H 

9.7402428 

9.7224279               H 

^^^^H           comp* 

0.310S423 

0.3755670               ^1 

^^^^m 

9.9159164« 

9.9439090               ^1 

^^^^B 

-.823979 

l+. 878838                       ^M 

^^^^B              ^ 

9.8515508 

9.8483445                H 

^^H 

9.7258145 

9.72480G6               ^H 

^^^^H           oomp. 

0.3108423 

0.3755670               ^1 

^^^^H 

9.8882076 

9.9487181               ^1 

^^^H 

+.773050 

+  .888624                      ^1 

^^B 

+.050929 

+  .009786                      ^M 

^^^H 

Seglnning  of  Eclipse 

B  nd  of  E  rJipftO                               ^^H 

^^H 

0.550929h., 

2.259786h.,                 ^1 

1^^^^^ 

or 

^^M 

1            Greenwich  mean  time 

Oh.  33ra.  3.3a. 

2h.  15ni.  35.2s.              ^1 

1                            (i» 

4h.  44ra,  3O9,, 

4h.  44m.  30s.,                ^M 

1 

or 

^^1 

1            Cambridge  mean  time 

7h.  48m.  33,3s. 

9h.  31m.  5.3a.               H 

^m                           N 

93<^     0' 

gO"*    0'                    ^H 

r            ^ 

315^  16' 

314°  51'                   H 

180°  +  N-v» 

N  +  v                     ■ 

^ 

=317°  44' 

=  50'>  51'                   H 

tThese  results  agree  well  with  those  foond  on  page  253.                           ^H 

(293.)  We  may  obtain  a  check  upon  the  accuracy  of  our  com-              ^H 

putations  in  the  following  manner ;                                                           ^^M 

Equation  (5),  page  267^  h                                                                   ^H 

{x-^Y+{^-nr=-{i^icY^h^\                            ■ 

all  the  quantities  being  supposed  to  be  computed  for  the  instant              ^H 

of  first  or  last  contact  of  the  limbs  of  the  sun  and  rnoon.     If               ^H 

tliL'se  quantities  have  been  computed  for  a  time,  T,  which  differs               ^H 

from  the  instant  of  contact  by  a  small  interval,  f,  they  may  be              ^| 

reduced  to  the  instant  of  contact  by  means  of  the  quantities  a/^               ^| 

y',  dif  and  d%  which  represent  the  hourly  variations  of  x,  ^,  j,               ^H 

and  37.     In  this  case  we  shall  have                                                             ^H 
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Thus,  in  the  preceding  example^  for  the  beginning  of  ths 
r^ +.050929. 

x-|=  ^0.382615 
(x^-rff)^^+ 0,024861 

Sum=  -0.357754,  whose  square  is  .127988. 
Also,  3/ -f/= +0.394891 

(^'-ef?7)^- -0.001305 

Sum=  +0,393586,  whose  square  is  154910. 
The  sum  of  these  two  squares  is  .282898,  which  is  the  square 
of  .531881,  the  value  of  L. 

For  the  end  of  the  eclipse,  i  ~  +  ,009786.  

a;_|= +0.407410 
(x^-rf$)^=+a00409j* 

Sum  =  +0.411509,  whose  square  is  169340. 
Also,  iy-i^= +0.335465 

(y^-f/7y)^^ -0.000431 

Sum=     0.335034,  whose  square  is  .112248. 
The  sum  of  these  two  squares  is  .281588,  which  is  the  square 
of  .530648,  the  value  of  L. 

(294.)  When  the  highest  accuracy  is  not  required,  the  labor 
of  the  preceding  computations  may  be  diminished  by  substitu- 
ting approximate  formultc  for  some  of  those  here  used.  The 
expressions  for  A,  D,  and  g*,  given  0n  page  277,  may  be  simpli* 
fied  without  greatly  diminishing  their  accuracy.  Since  e  is  al- 
ways a  small  quantity,  the  denominators  of  the  expressions  for 
A  and  D  are  nearly  equal  to  unity,  and  may  be  omitted.  More- 
over, at  the  time  of  an  eclipse,  d,  d',  and  D  are  very  nearly  equal 
to  each  other ;  hence  the  following  expressions  will  afford  a  good 
approximation  to  the  values  of  A,  D,  and  g*. 
A  — a'  — ^(a— a'), 

D=d'-€(d-d'), 
g=l-e. 
These  formute  will  furnish  the  values  of  A  and  D  within  a 

small  fraction  of  a  second. 

For  the  remaining  computations  we  must  proceed  according 
to  the  formula  on  pages  277-8, 
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Section    V. 

BESSEL**    METHOD    OF    COMPUTINO    OCCULTATIONS    OF    STARS. 

(295.)  Tho  formulas  required  for  tlie  computation  of  occulta- 
tions  of  stars  by  the  moon  are  easily  deduced  from  those  already 
given  for  solar  eclipses,  since  the  distance  of  the  fixed  stars  is 
such  that  they  have  no  diurnal  parallax,  and  the  rays  of  light 
which  emanata  from  them  and  touch  the  moon's  disk  may  ho 
considered  as  forming  the  surface  of  a  cylinder.  Hence,  for  oc- 
cultationsi  the  quantities /  and  i,  as  well  as  the  horizontal  par- 
allax of  the  star,  become  each  equal  to  zero  ;  also,  a'  — A,  t5'^D, 
and  i  —  k.  It  is  imnecessary  to  compote  either  z  or  ^.  Since  A, 
the  right  ascension  of  the  star,  is  invariablej  d{fi  —  k)  becomes  rf/ti. 
But  the  variation  of  ^  in  one  solar  hour  is  ih-  Dm.  9*8o65s.^  or 
15^  2'  27^^85,  which,  in  parts  of  radius,  is  .2025162,  whose  log- 
arithm is  9.4191561.  For  a  solar  eclipse,  the  angle  Q  was  re- 
ferred to  the  sun's  limb,  but  in  an  occultation  of  a  star  this  an- 
gle is  referred  to  the  moon's  limb,  and  in  the  latter  case  the  an- 
gle Q,  will  differ  180'^  from  the  angle  Q  in  the  former  case. 
Hence  we  have  the  following  formula  for  the  computation  of 
oooultations : 

T  =  any  convenient  assumed  time  near  conjunction ; 

a=the  moon's  right  ascension ; 

d=the  moon's  declination ; 

7r=  the  moon-s  equatorial  horizontal  parallax  ; 

A=the  star's  right  ascension ; 

D=the  star's  declination ; 

^  =  the  sidereal  time  of  the  place  of  observation ; 

/i^  — the  same  for  the  meridian  of  the  ephemeris ; 

(kj=the  longitude  of  the  place  of  observation  ;  east  longi- 
tudes jxisitive,  west  longitudes  negative ; 

^'  =  tho  geocentric  latitude  of  the  place  of  observation ; 

p==the  earth^s  radius  for  the  place  of  observation ; 
cos,  d  sin,  (a— A)^ 

% : J 

sm,  IT 
_sin,  (J-D)  cos,^  i(a->A)+sm.  (d+P)  sin.^  j(a~A) 

sin.  TT 
|=p  cos.  ^'  sin.  (/i— A) ; 

71  — p  sin.  0'  COS.  D— p  COS.  ^^  sin.  D  cos,  0*— A) ; 
di=P  COS.  ^*  COS.  (/I— A)cii ; 
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d7jz=:^  sin.  Ddfi; 
log.  rf//  =  9.4191561; 
m  sin,  M—x—^] 
m  COS.  li  —  tz—fi; 
n  sin.  ^—Q^—d4\ 
f»cos.  N=y'— rfi7; 

x'^the  hourly  variation  of  a:/ 
y'^the  liourly  variation  of  ^; 
m  and  i*  are  always  positive ; 

^  must  b€  taken  in  the  first  or  fourth  quadrant; 
9.4353665; 

/,=  — —  COS.  (M  — N)— -  COS.  ^; 
?}  n 

/g^  — —  COS.  (M  — N)H —  COS.  'ip, 
n  n 

Time  of  immersion  — T +6)+ fj, 

Timo  of  emersion   =  T  +  w-h  /f . 

For  immersion,  angle  from  north  point  toward  east, 

For  emersion,  angle  from  north  point  toward  east, 

Angle  from  vertex  =  V = Q,  +  P. 
(296.)  jE-t.  1.  Required  the  time  of  occultation  of  a  Tanri, 
January  23,  1850,  for  Cambridge  Observatory. 

We  rintl  that  the  apparent  conjunction  tiikes  place  at  about 
13  hours  Greenwich  mean  time.  Wo  therefore  interpolate,  from 
tJie  computed  places  in  the  Nautical  Ahnanao,  the  moon's  places 
for  several  hours  before  and  after  conjunction,  regard  being  had 
to  diflerences  of  tlie  fifth  order,  as  on  page  279,  and  obtain  the 
following  results : 


tj  nnuwieh  meui  Tiinfl. 

«* 

J. 

r. 

11 

65  47     3.70 

+  16  23  28.91 

59  48.046 

12 

66  24    3.30 

16  30     4.10 

59  50.000 

13 

67     1     7.95 

16  36  33.22 

59  51.942 

14 

67  38  17.62 

16  42  56.21 

59  63.871 

15          ' 

68  15  32.29 

16  49  12.97 

59  55.785 

The  position  of  a  Taari  is 

A=66o  49'  53".l;  D  =  +  16o  12'  3".4. 
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o 


CO 


*  Z^'  "^  1^ 
>  C^  CD  t> 


CO  as  to 

^  O  O  ..  .- 
a>  Oi  yH  iO  ^J 
00  »0  O  ^sO  o  ^^, 
O  O  1-H  QD  ^^  S 
^  00  iXi  »0  CO  ^ 
C>  CD  Ca  |>  'pH  ^ 

CO  ""d*  a>  r-i  o  ^ 


COW^COCOtJlTfTfsO 

:  ^  ^  w  ^  CO  CO 


'^  (3!k  (T^   ffyj   tjf?l.  £0  Ca  iTTj   L^Ti   T*l   Ca  tri   iTTi   (fTi  ., 


O^  Ci  (?l  O  ^  CO  'X  ^Q  '^  CO  CD  iX  c^  ■. 
ai^0D*OaDO*CikOkQ^Q04OC^ 
OSCil^  QDlOaaOQOCiCO^QOT-li 
aiQ^COCDl'^l>'rf'^Ot^C^CDOi 


CO 

•co 


O* 'Tf  lO  lO  CO  o 

lO  'T  o  q^  -^  03  o 

1  t^  so  rf  00  ^  »0 


_ji  i^  y-j  TT  yu  'sipj  ITS 

*=^  CO  lO  ^  'QD  00  rf 
,fY^  ^  XI  OD  lO  00  t> 
i§i  TT  CO  CTi  t>;  -00  |> 
jL  CO  ^  O  'pH  Gi   _L, 


'X)  GS>  Ol  OD  O  CO  00 

*;Cia50«7i"^«M  ococo 

gjx'xcocoxco^i^^co'xco^-rx 

^-^  a>  0>  OD  »i^  X  O*  O  lO  CD  1^  X  '^  o  o  o 

r-5  ^  «=^  «>  ^"^  ^  CN?  ^  *o  r>*  »o  X  oj  lO  -^  i» 

^OCTjCDXtO'pH^X'^COOXr^O— i 
'^  '^  C>  O  r^l  ^  l>^  l>-  ^  CO  X  l>  t^  ^  ID  O  O 

Owi^'co-^^aJco^r^'ci^iN 


lO  CO  w  o  x  ^ 
X  t^  ^  O  C-*  O  CT> 

^  O  r*  O^  tH  O^  ^^ 
2  Ot  lO  ^  ^  CO  I 

'^  OS  iQ  1-H  Oi  ^'^  ' 


+ 


G^  ^  Gi  ^-t  Oi 


,CD 
CO 


*!f  Tf  1-^  O*  X  o^ 


^  OS  iQ  1-H  Oi  lO  O  m 
^  tM  X  X  iO  IQ  X  ^S 
^XCOO^t^G^TH         ^ 


CO 


■a^  as  *T  ^  c^  ^^  CO'  CO  Oi 

aia^coj>^^xt^icxwoi-»xa3 
aaa:iC^iO'^ai^»oi>Xi-Hioo*QC*^ 
as  c^  i>  o  as  1— I  X'  lo  CO  CO  Oi  o  a:»  o  OS 
aacr>cQx»o^G^'XTMCOOo*ooo 
a^_'35^^co_t^cokOcDCNji>£^c^Tfp'3; 


l>X  ^  tN. 

X  lO  O  •i*  Ol 
-<  i>  r>^  CO  *o 

2  (?*  iXD  £>  CO 

~  o  »nj  ^  c^ 

if^  Oi  X  X  o 
I  CO  ^  oi  ^ 


CO 
.  CO 

as  G^ 

CO  CO 

^  -^ 

oj  r 


,w:)i><3^cr>oiait^co  _ 

't^c^^^  ^  0}Ol^  O  QCj  X 

^^asa^oi>^0'n»or^c^T-iwoO'tcot^ 

^>  ^  ai  a:i  t>»  »Q  CO  ?D  <?i  lO  X  CD'  CO  CO  o  -^  Tf 

'S(  -i  O^  OS  CO  »0  Oi  X  ai  IQ  ^  0»  O  1-1  r^  Q  -H' 
^  ^  OS  Oi  CO  X  iQ  t>-  X  X  t^  CO  »0'  -^  O  Q  Q 

jj^^pa^a5  0cDt^Tfxcoiois(%co7Doco 

°C0    ai  OS  CO  Tf  rH  Oi  ^  Tt  l>  as  rH  CO 


CO  lo  Oi  OS  X  ^  o  r* 
^o>in'^'-<^'^^^^  rococo 

S5  JS  X  X  ^  r>  X  ^  Tf  r*  ^  w  OS  c^*  "^  X  CO 

^  ^  C^.  Oi  O  iO  10  ^  T^  *0  X  CO  uo  10  o  »o  ^ 
in  -J  Q^  as  so  iQ  cs  ^  o  fcO  o  rH  oi  01  ^  c^i  CO 

-^  IZ  OS  oi  CO  X  o  X  r^  X  CO  CO  »o  'H  OS  o  as 
*  "^  ^  OS  o^  X  ?D  i>  '^1  (?>  CO  as  t^  t^  ^  ^^  o  th 

oC^oaiasc^rf-Hasco'^i>a5rHi> 

CO- 


"     -  >— '  d  -i>!^  ¥    ,  1-H  (M  ^— ' 
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The  foUowiDg  are  the  results : 


Hoar. 

X 

^ 

DIff. 

y 

jr    1  Dur. 

11 

-1.007841 

+  .593905 

+  .193633 

+  .107845 

12 

-  .413936 

+  80 

+  .301478        -24| 

+.593985 

+  .107821 

13  , 

+  .180049 

+  .594001 

+  16 

+  .409299 

-34 
+  .1077871 

14 

+  .774050 

+.593957 

-44 

+  .517086 

-48 
+.107739 

15 

+  1.368007 

+.624835 

For  the  first  trial,  we  may  assume  T=il3  hours  Grreenwich 
mean  time,  and  wc  shall  obtata  the  approximate  times  of  immer- 
gion  and  emersion.  As,  however,  this  example  has  already  been 
computed  on  page  259,  we  will  suppose  the  approximate  timea 
to  bo  known,  and  will  assume  12  hours  for  immersion,  and  13,25 
hours  for  emersion.     The  work  will  then  be  as  follows : 


[minETiion, 

i      EmeraJOD. 

T 

lah.  Gr.  m.  t. 

13.25h.  Gr.  m.  t 

X 

-.413936 

+  .328551 

U 

'  +  .301478 

+  .436250 

3f 

+.593945 

+  .593997 

y' 

+  .107833 

+  .107795 

Iu-A 

-14'59'54".67 

+  3°  48'  10".14 

p  COS.  ^' 

9.8691208 

9.8691208 

sin.  (/i— A) 

9.4129543« 

8.8216638 

log.  $ 

9.2820751« 

8.6907846 

f 

-.191459 

+  ,049066 

p  sin*  0^ 

9.8264412 

cos.  D 

9.9824020 

i«g-  {1) 

9.8088432 

(1) 

+  .643937 

+  .643937 

p  COS.  ^ 

9.8691208 

9.8691208 

sin.  D 

9.4456150 

9.4456150 

COS.  {\h—  A) 

9.9849468 

9.9990427 

log.  (2) 

9.2996826 

9.3137785 

(2) 

+  .199380 

+  .20o95N 

(l)-{2)  =  . 

+  .444557 

+  .437979 

p  COS.  ^' 

9.8691208 

9.^691208 

COS.  (f*— A) 

9.9849468 

9.9990427 

rf,i 

9.4191561 

9.4191561 

log.  rf| 

9.2732237 

9.2873196 

dk 

+  .187596 

+.193785 
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For  immersion,  Qi^  N— '^—  57^  44'. 

"    emersion,     Q,  =  180^+N+i/>-270^  45^ 
These  results  are  nearly  the  same  as  foimd  on  page  26 L 
(297-)  We  may  obtain  a  check  upon  the  accuracy  of  our  com- 
potations  in  the  same  manner  as  shown  for  a  solar  eclipse  on 
page  289,     Equation  (5),  page  267,  becomes,  in  the  case  of  an 
occnltation, 

the  quantities  x^  y^  ^,  and  t}  "being  supposed  to  he  computed  for 
the  instant  of  immersion  or  emersion.  If  these  quantities  have 
been  competed  for  a  time,  T,  which  diifers  from  the  instant  of 
immersion  or  emersion  by  a  small  interval,  /,  we  shall  have 

Thus  in  the  preceding  example,  for  immersion,  ?=  —.019565. 
a;-|=  ^.222477 

Sum=  -.230427,  whose  square  is  .053097. 
Also,  y-^=^ -.143079 

{if^d7i)t^-m2ZM 

Sum—  —.145463,  whose  square  is  .0211od. 
The  sum  of  these  two  squares  is  .074256. 
For  emersion,  ^=  —.017511. 

a;_|= +,279485 
(a:'^d^)^= -.007008 

Sum—     .272477,  whose  square  is  .074244. 
Also,  y-iy^ -.001729 

Sum^     .003554,  whc^  square  is  .000012, 

The  sum  of  these  two  squares  is  .074256. 

(298.)  Ex.  2.  Required  the  time  of  occultation  of  y  Virginia, 
January  9,  1855,  for  "Washington  Observatory. 

Apparent  conjunction  takes  place  between  23  and  24  houns 
of  Greenwich  mean  time.  The  moon's  places  for  23,  24,  and 
25  hours,  Greenwich  time,  according  to  the  American  Nautical 
Almanac,  are  as  follows : 


Cnoiwich  in.  t. 

«] 

t. 

r. 

k. 

*.      m           • 

u 

23 

12  33  21.97 

+  0    8  30.8 

55  31.18 

24 

12  35  12.33 

-0    5  32.3 

55  32.80 

25 

12  37    2.80 

-0  19  36.2 

55  34jd3 

OccuLTATions  OF  Stars. 
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Tlie  position  of  y  Virginis  is 
A=12h.  34ni.  18.438. 


D=-0°39'12".l, 


Computation  of  the  co-ordinates  x  and  y. 

OrMDwicli  [De&n  Time. 

»b. 

1                   MU. 

1               Ub. 

a-A 

-14'  6".9 

+  13'  28".5 

+  41'5".55 

lOg^TT 

3.5225981 

3.5228093 

3.5230216 

iog.  am.-bg. 

4.6855560 

4.6855560 

4.6855559 

sin.  rr 

8.2081541 

8.20H3653 

8.2085775 

log.  (a-A) 

2.9278321m 

2.9076800 

3.3919139 

log.  sin.  — log. 

4.6855736 

4.6855738 

4.6855645 

cos,  <J 

9.9999987 

9.9999994 

9.9999929 

csosec.  TT 

1.7918459  1 

1.7916347 

1.7914225 

log.  X 

9.4052503m 

9.3848879 

9.8688937 

X 

-.254244 

+  .242598 

+  .739424 

i5+D 

-30'  41  ".3 

_44'  44".4 

-58'  48".3 

(J--D 

+47'  42".9 

+33'  39  ".8 

+  19'  35".9 

COS.  i(a— A) 

9.9999991 

9.9999992 

9.9999922 

cos*  i(a— A) 

9.9999991  ' 

9.9999992 

9.9999922 

log(cJ-D) 

3.4568062 

3.3053084 

3.0703704 

log.  sin.  — log  , 

4.6855609 

4.6855679 

4.6855725 

cosea  n 

1.7918459 

1.7916347 

1.7914225 

log-  (1) 

9.9342112 

9.7825094 

9.5473498 

log.  i(a-A) 

2.62680 

2.60665 

3.09088 

log,  sin.— log. 

4.68557 

4.68557 

4.68557 

sin.  J(o— A) 

7.31237 

7.29222 

7.77645 

sin.  (J+P) 

7.95069« 

8.10440n 

8.23250« 

cosec.  It 

1.79 1S5 

1.79163 

1.79142 

log-  (2) 

4.36728a 

4.48047» 

5.57682« 

(1) 

+.859431 

+  .606051 

+  .352655 

(2) 

-.000002 

-.000003 

-.000038 

(l)+(2)=y 

+.859429 

+.606048 

+  .352617 

The  following  are  the  results : 


Hour. 

J? 

^ 

OUT. 

y 

y 

Diir. 

23 

-.254244 

+  .496842, 

+  .859429 

-.253381 

24 

+.242598 

+  .496826 

-16 

+  .606048 

-.253431 

-50 

25 

+  .739424 

+  .352617 

For  a  first  approximation  we  assume  T==24  hours  Greenwich 
mean  time.  The  corresponding  sidereal  time  at  Washington  is 
14h,  9m.  35.06s. ;  whence 

;i-A=+23°49'9'^45. 

Abo,  p  sin.  ^'=9.7955439,  and  p  cos.  0^=9.8917226. 
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Hence  we  obtain 

x=+.24260;  |=+.31474;  m  sin.  M  =  -, 07214. 
y  =  +  .60605 :  ))  =  +  .63261 J  TO  008.  M  =  -  .02656. 

M=249''  47'  16",  log.  »»  =  8.885779. 

a:' =+.49683;  rf|= +  .18716;  n  sin.  N= +  .30967. 

3^= -.25341;  rfi,  =  - .00094 ;  n  cos.  N  =  - .25247. 

N=.129°  11'  24 ',  log.  n= 9.601567. 

Vi^Mo  3'  12". 

f, = - .56368 ;  t^=+  .75955. 

Grnenwkh  mean  Time.    WuhJngtoD  mean  Timt, 

Time  of  immersion  =  2343632h,,  or  18h.  17m.  59s. 
"       emersion    =24.75955h.»  ''  19k  37m.  238. 
For  the  second  approximation  we  will  assume  23h.  25m.  for  im- 
mersion, and  24h.  45m,  for  emersion.    The  results  are  as  follows : 


tnmuerflJiOD. 

Emenilon, 

T 

23h.  25m.  Gr.  m.  t, 

24h.  45m.  Gr.  m.  t 

, 

X 

-.047224 

+.615218 

y 

+.753860 

+  .415979 

X' 

+.496843 

+  .496821 

y 

-.253377 

-.253443 

p-A 

15°  2'  43".2 

35°  6'  0".3 

i 

+  .202302 

+  .448121 

V 

+  .633058 

+  .631747 

d^ 

+.197574 

+  .167383 

df, 

-.000606 

-.001341 

M 

295<^  49'  58".2 

142°  14'  41".2 

log.  m 

9.4428399 

9.4360119 

N 

130°  ir  7".3 

1270  25'  29".9 

log.  n 

9.5929907 

9.6178712 

i' 

14°  36'  25".7 

14°  50'  32".5 

t 

+  .012470 

-.001011 

Q 

115°  35' 

322°  16' 

Hence  we  have  Gp«awith  mean  Time  Wsahliigtou  mean  Tinie. 

Time  of  immersion,  23k  25m.  44.9s.,  or  18h.  17m.  33.7s. 
"       emersion,     24h.  44m,  56.4s.,  '*  19h.  36m.  43.2s. 
Check.-'^For  immersion.^ 

at_|^ -.249526 
(x^-rf|K=+ -003732 

Sum  =  —  .245794,  whose  square  is  .060414. 
Also,  f/-ij= +.120802 

Sum  =  +.117650,  whose  square  is  .013842. 
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The  sum  of  these  two  squares  is  *074256, 

For  emersion, 

3;-!^ +.167097 
{x'-d^)t^ -.000332 

Sum=  +.16B754,  whose  square  is  .027810, 

Aleo,  1^-?^= -,215768 

(y^-f/;y)/- +,000255 

Sum=  —  *21S513,  whose  square  is  .046446. 

The  sum  of  these  two  squares  is  .074256. 

In  the  Tables  from  which  the  American  Nautical  Almanao  is 
computed,  the  value  of  k  is  assmiied  to  bo  0.272278.  In  the 
English  Nautical  Almanac  for  1857  the  value  of  k  is  assumed 
to  be  0.273114.  The  value  employed  in  Burckliardt's  Tables 
of  the  Moon  is  0.2725. 

(299.)  In  the  American  Nautical  Almanac,  and  also  in  the 
Berlin  Jahrbuchj  are  furoished  elements  by  which  the  preceding 
computations  are  materially  abridged.  These  elements  are  the 
co-ordinates  x  and  ?/,  with  their  hourly  variations.  In  the  Amer- 
ican Almanao,  p.  375-397,  is  given  a  Ust  of  all  the  stars,  to  the 
sixth  magnitude  inclusive,  contained  in  the  B.  A.  Catalogue, 
which  can  be  occulted  by  the  moon.  It  also  furnishes  for  each 
star  the  Washington  mean  time  (T)  of  conjunction  with  the 
moon ;  the  Washington  hour  angle  of  the  star  at  the  time  T ; 
and  the  co-ordinates^  for  the  same  time,  with  their  hourly  varia- 
tions. At  the  instant  of  conjunction  x  reduces  to  zero,  and  is 
therefore  omitted  from  the  almanao. 

Thus  for  7  Virgims,  January  9,  1855,  we  find  on  page  375, 
T— Washington  mean  time  of  coDJunction,  18h.  22.5m. 

H=^  Washington  hour  angle  of  star  at  time  T,  +lh.  5m.  51s. 
Y=the  co-ordinate  which  Bessel  represents  by  ^,  +0.7298 
p'=^  hourly  variation  of  p,  Bessel  represents  by  x^^  +0.4968 
g^= hourly  variation  of  r/,  Bessel  represents  by  ^\  —9.2530 
log.  sin.  D  =  log.  sine  of  star's  declination,  —8.0570 

log,  cos,  D=log.  cosine  of  star's  declination,  0.0000 

Having  the  assistance  of  these  numbers,  we  are  relieved  from 
the  necessity  of  the  preliminary  computations  on  imge  297,  and 
the  approximate  times  of  immersion  and  emersion  are  obtained 
with  very  little  labor,  especially  if  we  employ  logarithms  to  only 
^^  four  decimal  places,  which  will  generally  furnish  results  correct 
H^    to  the  nearest  minute. 
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CHAPTER  XIL 

LOKGITtTBE. 
Section  L 

LONOlTimC   DETERMINED   BY   T  RAN  SPORT  ATION   OP  CHHONOMETERS. 

(300.)  The  manufacture  of  chronometera  has  attained  to  such 
a  degree  of  perfection  as  to  afford  the  means  of  determinirig  the 
diflierence  of  longitude  of  two  stations,  not  too  remote  from  each 
Other,  with  a  precision  superior  to  that  of  most  other  methods. 
The  following  arc  the  essential  steps  of  this  method  :  The  time 
is  accurately  determined  at  one  station  j  Green wich,  for  instance, 
and  the  chronometer  is  carefully  compared  with  the  transit  clock ; 
hence  the  error  of  the  chronometer  on  the  meridian  of  Green- 
wich 13  known*  The  chronometer  heing  carried  to  a  second  sta- 
tion, for  example,  Cambridge  Observatory,  is  compared  with  the 
transit  clock  at  that  place.  Thus  the  error  of  the  chronometer 
on  the  meridian  of  Cambridge  is  known ;  but  its  error  on  the 
meridian  of  Greenwich  at  the  same  instant  is  known,  if  its  rate 
be  known,  and  the  longitude  is  the  difference  of  these  two  er- 
rors. In  grand  Chronometrio  expeditions,  it  is  customary  to  em- 
ploy a  large  number  of  chronometers,  from  twenty  to  fifty,  or 
more,  as  checks  upon  each  other, 

(301.)  The  most  serious  difficulty  in  the  application  of  this 
method  consists  in  determining  the  rate  of  the  chronometers 
during  the  journey,  for  chronometers  generally  have  a  different 
rate  when  transported  from  place  to  place,  either  by  land  or  by 
sea,  from  that  which  they  maintain  in  an  obj^ervatory.  "When 
it  is  proposed  to  determine  the  difference  of  longitude  of  two  sta* 
tions  with  the  greatest  accuracy,  the  error  of  the  chronometers 
should  be  determined  at  the  commencement  of  the  expedition, 
at  the  first  station ;  the  same  thing  should  be  done  at  the  sec- 
ond station ;  then,  as  soon  as  possible,  the  chronometers  should 
be  brought  back  to  the  first  station,  and  their  error  determined 
anew.  The  chronometers  should  thus  be  transported  back  and 
forth  a  considerable  number  of  times. 


3 


Longitude* 
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Let  us  designate  the  eastern  station  ty  A,  the  western  hy  B, 
and  the  west  longitude  of  the  place  B  from  A  we  will  designate 
tj  w.  W©  will  suppose  that  at  the  tinio  /,  at  the  place  A,  the 
enoi  of  one  of  the  chronometers  was  a  ;  that  on  its  arrival  at  B, 
at  the  time  t%  the  error  was  b  ;  and  again,  on  its  return  to  A  at 
the  time  i'%  the  error  was  a\  If  wo  regard  a  day  as  the  unit 
of  time,  and  represent  the  mean  daily  rate  of  the  chronometer 
during  the  journey  by  m,  we  shall  have 


m=- 


a'^a 


whence  we  may  conclude  that 

or  c*i=a'-m(r-r)-&. 

Emnh  chronometer  will  aflbrd  an  independent  determination 
of  the  value  of  w ;  aiid  in  order  to  detect  any  irregularity  in  the 
rates  of  the  chronometers,  they  should  bo  compared  daily  with 
each  other  throughout  the  entire  journey. 

The  following  observations  were  made  to  determine  the  differ* 
ence  of  longitude  between  two  stations,  A  and  B : 


Station  A       ^  —  September  15,  11.65h, 

Station  B      r  =  September  17,  i8.85h 

Station  A     r'=  September  18,  11.55h 

15  7s 
Consequently  we  have  m^ -^ 


a=+34m.201s. 


6-4-31m. 

a'-+34m. 


0,6s. 


=  -^5.23s. 


a=+ 34m.  20.19. 

m(r-0= -5.23x2,304=  -12.1s. 

-A=-31m.    0  6s. 

Longitude  =  (*)= 


^^^^S  Longitude  =  (*)=       3m.    7.4s. 

I  (80B,)  Since  chronometers  almost  invariably  indicate  a  differ- 

I         ent  rate,  according  as  they  aro  traveling  or  at  rest,  if  the  observer 
I  remains  for  several  days  at  the  station  B,  the  error  of  the  chro-^ 

^^  nometers  should  be  determined  immediately  upon  arrival,  and 
^H  again  before  departing  from  B ;  and  the  interval  of  rest  should 
not  be  included  in  the  determination  of  the  value  of  m.  Sup- 
pose we  have  determined  the  chronometer  errors 

a,  b,  b%  a\ 
corresponding  to  the  times 

i^  t  ^  t  f  t    , 
where  a  and  a'  are  supposed  to  have  been  obtained  at  the  place 
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A ;  b  was  the  error  on  first  arriving  at  B,  and  6'  the  error  on  de- 
parting from  B. 

Then  tho  interval  of  time  embraced  in  the  two  journeys  is 

and  the  change  in  the  error  of  the  chronometer  for  the  same  time 
is  {a'^a)-{b'-b). 

Hence  we  have     ^^--(V-0  +  (r--r)' 
The  following  example  is  taken  from  Struve's  chronometrio 
expedition,  undertaken  in  1843,  between  Pulkova  and  AJtona : 


Pulkova 
Altona 
Altona 
Pulkova 


^  =  May  19,  21.54h. 

r^May  24,  22.66h. 
r=May26,  10.72h. 
r'=May31,    O.OOh. 


a-  +6m.  38,108. 

6=--lh.  14m.  39.92s. 
A  =--lh.  14m.  36.77s. 
a'^  +7m,    9.58s. 


Here  we  have 


a'-a=3L48s. 


Also, 


Hence 


{a'^a)-{b'-b)^2S2Z&. 

r^t=z5d.    1.12h. 

r'^-r=4d.  13.2Sh. 

{t'-t)  +  {r'-r)=9d,  14.40L 

28.33s. 


m=- 


9.6 


:=+2.951s. 


a=         +6m,  SaiOs. 
m{t'^t)  ^2.951  X  5.047  =  +  14.89s. 

^&=  +  lh.  14m.  39  928. 
Longitude  =  w=  Ih.  21m.  32,91s. 
(303.)  It  is  here  assumed  tliat  the  rate  of  the  chronometer  was 
the  same  during  the  Journey  from  Pulkova  to  Altona  as  during 
the  journey  from  Altona  to  Pulkova.  In  order  to  ehminate  any 
error  which  might  arise  from  this  supposition,  Struve  begins  the 
next  calculation  with  Altona,  so  that  any  change  in  the  rate  of 
the  chronometer  will  produce  the  opposite  effect  from  that  which 
would  result  if  the  computation  commenced  with  Pulkova.  The 
following  combination  is  the  one  which  immediately  succeeded 
that  of  the  former  example : 


Altona 

/=May  26, 

10.72h. 

b=- 

-Ih.  14m. 

36.778. 

Pulkova 

f  =  May31, 

OOOh. 

a  = 

+  7m. 

9.588. 

Pulkova  1 

r=June3, 

5.62h. 

a'  — 

+  7ni. 

19.36s. 

Altona 

("'= June  7, 

20.52h. 

b'=- 

-Ih,  14m. 

0  358. 

LoN(7ITUDE. 


30S 


Here  we  have 


a' -a-   9,78s. 


r-t^U,  13.28h. 

r''-r'=:4d,  14.90k 

(r_^)+(r'_r)^9d.  4.i8h. 

26,649 


m  =  - 


+2.9048, 


9.174 

6^-lh.  14m.  36.779. 
m(r-^0=2.904  X  4.553=  +13.22s. 

-a=         -7m._9.5% 
Longitude  =  M=—lh.  21m.  33.13s* 

In  the  chronometrio  expedition  already  referred  to,  nine  voy- 
ages were  made  from  Pulkova  to  Altona,  and  eight  from  Altona 
to  Pulkova,  in  which  81  chronometers  were  employed.  The  re- 
sults of  13  of  this  niimberj  having  shown  greater  discordances 
than  the  rest,  were  rejected,  and  the  deduced  longitude  was  made 
to  depend  upon  68  chronometers. 

This  result  was 

Ih,  21m.  32.52s., 
with  a  prohahle  error,  according  to  Struve,  of  only  0,04s. 

(304,)  It  is  indispensable  to  the  accuracy  of  these  results  that 
the  time  be  obtained  at  each  station  with  the  greatest  precision. 
Struve  recommenis  that  the  time  be  determined  with  a  tran- 
sit instrument,  by  observations  of  stars  near  the  zenithj  inas- 
much as  a  slight  deviation  of  the  transit  instrument  from  the 
plana  of  the  meridian  does  not  affect  the  time  of  passage  of  a 
zenith  star.  It  is  necessary,  however,  to  know  tlie  inclination  of 
the  axis  with  the  greatest  accuracy ;  and  the  axis  should  bo  re- 
versed upon  its  supports  during  each  series  of  observations,  so  as 
to  eliminate  the  effect  of  unequal  pivots  and  of  collimation  error. 
In  order  to  eliminate  the  effect  of  any  error  in  the  right  ascensions 
of  the  stars  employed  j  the  same  stars  should,  if  possible,  be  ob- 
served at  both  stations.  For  this  purpose,  a  catalogue  of  all  the 
stars  which  pass  near  the  zenith,  and  of  a  magnitude  sufficient 
to  be  observed  without  inconvenience,  should  be  prepared  before- 
kand,  and  a  copy  furnished  to  each  observer.  If  the  places  of 
any  of  the  stars  are  too  imperfectly  known,  they  should  be  care- 
fully observed  witli  the  instruments  of  »ome  largo  observatory* 
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(305,)  The  comparisons  of  the  chronometers  should  all  be 
made  by  observing  the  coincidence  of  beats.  If  we  undertake 
to  compare  two  clocks  which  beat  seconds  of  the  same  kind  of 
time,  unless  tliey  happen  to  tick  at  the  same  instantj  there  is  a 
fraction  of  a  second  which  must  be  estimated  by  the  ear.  This 
e^imation  is  extremely  difEcult,  and  practiced  observers  will 
differ  among  themselves  by  a  quarter  of  a  second,  and  sometimes 
even  more.  When,  however,  the  two  clocks  happen  to  tick  to- 
gether, there  is  no  fraction  of  a  second  to  be  estimated ;  and  a 
practiced  ear  will  detect  any  deviation  from  ooincidcnco  in  beats 
amounting  to  0.01s.  Now  a  sidereal  clock  gains  upon  a  solar 
clock  one  second  in  about  six  minutes;  and  if  two  such  clocks 
are  placed  side  by  sidcj  they  must  tick  together  once  in  every 
six  minutes.  In  order  to  compare  two  such  clocks,  we  notice 
their  movements,  and  w^ait  until  the  beats  sensibly  coincide, 
when  we  know  that  tlieir  dilTerenoe  amounts  to  an  entire  number 
of  seconds,  which  is  readily  discovered.  Chronometers  generaUy 
make  two  beats  in  a  second ;  so  that  between  a  clock  which 
beat43  seconds  of  sidereal  time,  and  a  chronometer  which  ticks 
half  seconds  of  solar  time,  there  must  be  a  coincidence  every 
three  minutes.  Chronometers  are  sometimes  made  to  tick  13 
times  in  6  seconds.  Such  a  chronometer,  regulated  to  mean 
time,  makes  121  ticks  in  56  seconds  of  sidereal  time ;  that  is, 
the  coincidences  between  such  a  chronometer  and  a  sidereal  sec- 
onds-pendulum would  occur  every  56  seconds.  Moreover,  the 
intervaLs  between  the  ticks  of  tlio  chronometer  is  0.4628s.  side* 
real  time  ;  and  13  of  these  intervals  are  equal  to  6.016s.  sidereal 
time;  54  are  equal  to  24.991s. ;  67  are  equal  to  31.007s. ;  and 
121  are  equal  to  55.999s ;  that  is,  in  the  course  of  56  seconds 
there  are  five  coincidences  within  the  limits  i  0.02s.  *Suoh  a 
chronometer  aflbrds  the  means  of  comparing  by  coincidences 
with  great  rapidity;  a  consideration  of  no  trifling  importance 
where  80  chronometers  are  to  be  compared  daily.  Chronome- 
ters are  frequently  made  to  beat  five  times  in  two  seconds,  which 
gives  a  coincidence  at  every  36  seconds  with  a  half-second  side- 
real chronometer. 

(306.)  It  is  also  indispensable  to  the  accuracy  of  the  results 
that  the  personal  equation  of  all  the  observers  employed  in  ob- 
taining the  time  should  be  carefully  determined.     The  mode  of 
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doing  this  has  already  been  explained  on  page  80.  This  correc- 
tion is  the  most  difficult  to  obtain  satisfactorily,  csjjecially  as 
personal  equation  is  not  always  a  constant  quantity,  but  is  liable 
to  vary  with  the  physical  condition  of  the  observer.  It  is  the 
opinion  of  Mr.  Airy,  that  when  a  tolerable  number  of  chronom* 
etera  is  used  for  a  moderate  distance,  and  in  good  observing 
weather,  the  variation  of  personal  equation  is  the  error  to  be 
most  apprehended. 

A  grand  chronometric  expedition  has  been  for  several  years  in 
progress,  at  the  expense  of  the  United  States  coast  survey,  for 
the  purpase  of  determining  the  ditlerenoe  of  longitude  between 
Grreenwich  and  Cambridge,  Massachusetts.  A  largo  number 
of  chronometers  have  been  transported  by  means  of  the  Conard 
steamers  from  the  Liverpool  Observatory  to  Cambridge,  and  back 

E again  to  Liverpool  During  the  summer  of  1849,  forty-four 
ditferent  chronometers  were  employed  in  several  trials,  and 
during  the  progress  of  the  expedition  more  than  four  hundred 
exchanges  of  chronometers  have  been  made.  For  facility  of 
comparing  the  clironoraeters,  Mr.  Bond  used  a  chronometer  beat- 
ing half  seconds,  and  gaining  12  minutes  daily  on  mean  solar 
time»  which  furnished  a  coincidence  of  beats  every  90  seconds- 
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LONOTTUDE  DETERMINED  BV  THE  ELECTRIC  TELEGRAPH. 

(307.)  The  difference  of  the  local  times  of  two  places  may  be 
determined  by  means  of  any  signal  which  can  be  seen  or  heard 
at  both  places  at  the  same  instant.  When  the  places  arc  not 
very  distant,  the  explosion  of  a  rocket  or  the  flash  of  gunpowder 
may  serve  this  purpose.  Six  or  eight  ounces  of  powder  at  night 
makes  a  good  signal  at  a  distance  of  twenty- five  to  thirty  miles ; 
but  for  a  distance  of  t^en  miles,  t%vo  or  three  ounces  are  sufficient, 
if  the  observers  are  provided  with  telescopes. 

(308.)  But  the  electric  telegraph  affords  the  moans  of  trans- 
mitting signals  to  a  distance  of  a  thousand  miles  or  more  ^^th 
scarcely  any  appreciable  loss  of  time.  The  first  experiments  of 
this  kind  any  where  made  were  undertaken  in  the  United  States ; 
and,  with  the  exception  of  a  rude  ex|>eriment  of  Cnptain  Wilkes 
in  1844,  all  the  experimenta  in  this  country  have  been  mad©  in 
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connection  with  the  United  States  Coast  Survey.  Suppose  there 
arc  two  observatories  at  a  considerable  distance  from  each  other, 
and  that  each  is  provided  with  a  g(X)d  clock  and  a  transit  instru- 
ment for  determining  its  error;  then,  if  they  are  connected  by  a 
telegraph  wire,  they  have  the  means  of  transmitting  signals  at 
pleasure  from  either  observatory  to  the  other,  for  the  purpose  of 
comparing  their  local  times.  The  signal  is  given  at  either  sta- 
tion by  pressing  a  key,  as  in  the  usual  mode  of  telegrapliing ; 
and  the  observer  at  tlie  other  station  hears  the  click  caused  by 
the  motion  of  the  arm  at  ore  of  his  electro-magnet.  Four  dif- 
ferent methods  of  comparison  have  been  practiced  in  the  exper- 
iments by  the  United  states  Coast  Survey. 

(309.)  The  first  method  is  the  most  obvious  one,  and  consists  in 
simply  striking  on  the  signal  key  at  intervals  often  seconds ;  the 
party  at  one  station  recording  the  time  when  the  signals  were 
given,  and  the  other  part}"  recording  the  time  when  the  signals 
were  received.  After  about  twenty  signals  have  been  transmit- 
ted from  the  first  station  to  the  second,  a  similar  set  of  signals 
is  returned  from  the  second  station  to  the  first.  This  mode  of 
comparison  has  but  one  serious  imperfection,  and  this  is,  that 
it  requires  the  fraction  of  a  second  to  be  estimated  by  the  ear. 
The  party  giving  the  signals  strikes  his  key  in  coincidence  with 
the  beats  of  his  clocks  so  that  at  this  station  there  is  no  fraction 
of  a  second  to  be  estimated ;  but  at  the  other  station  the  arma- 
ture chck  will  not  probably  be  heard  in  coincidence  with  the 
beats  of  the  clock,  and  the  fraction  of  a  second  is  to  be  estimated 
by  the  ear*  Now  this  fraction  can  not  be  estimated  with  the 
accuracy  which  is  demanded  in  this  kind  of  comparison.  It  is 
found  that  observers  generally  estimate  the  fraction  of  a  second 
too  small  when  using  the  ear  alone,  unassisted  by  the  eye.  This 
error  is  greatest  at  the  middle  date  between  two  clock  beats,  and 
is  found  to  vary  from  0:06  to  0.18  of  a  aecond  with  diflerent  ob- 
servers. 

(310.)  This  evil  suggested  the  second  method  of  observation, 
which  relies  on  the  coincidences  of  a  mean  solar  and  sidereal 
clock  or  chronometer.  The  following  is  the  method  pursued ; 
After  transmitting  a  few  signals  by  the  former  method,  so  as  to 
determine  the  diflerence  between  the  local  times  of  the  two  sta- 
tions within  a  small  fraction  of  a  secondj  the  party  at  the  first 
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station  csommences  striking  on  his  signal  key  every  second,  in 
coincidence  witli  the  beats  of  his  mean  solar  chronometer,  and 
cx>ntinue8  to  do  so  for  ten  or  fifteen  minutes  without  interruption. 
The  party  at  the  second  station  conapares  the  armature  cHck  of 
his  magnet  with  the  beats  of  his  sidereal  clock,  and  watches  for 
a  coincideiice,  and  records  the  time  when  the  coincidence  takes 
place.  "When  he  has  obtained  two  or  three  coincidences,  which 
generally  requires  from  ten  to  fifteen  minutes,  he  breaks  the  elec- 
tric circuit,  in  order  in  notify  the  first  party  to  stop  beating.  He 
then  commences  beating  seconds  by  striking  his  own  signal  key 
in  coincidence  with  the  beats  of  his  sidereal  clock  ;  and  the  party 
at  the  first  station  compares  the  armature  clicks  of  his  magnet 
with  the  beats  of  his  solar  chronometer,  and  watches  for  a  coin- 
cidence. When  he  has  obtained  three  or  four  coincidences, 
which  generally  requires  ten  or  twelve  minutes,  he  breaks  the 
electric  circuit,  in  order  to  notify  the  other  party  to  stop  beating* 
The  comparison  of  times  at  the  two  stations  is  now  complete* 

(311.)  The  foUowing  observations  were  made  August  1,  1849, 
for  the  purpose  of  determining  the  diflerenee  of  longitude  be- 
tween the  High  J^chool  Observatory  in  Philadeiphia  and  Western 
Reserve  College  Observatory  at  Hudson,  Ohio.  The  time-keeper 
employed  at  Pliiladelphia  was  a  mean  solar  chronometer,  beat- 
ing half  seconds;  the  time-keeper  at  Hudson  was  a  sidereal 
clock. 


npiils  ilwn  M  Pbdwldpliii, 
imaiiTlnie. 

St^iUa  reeeivfid  m 
|]ud«an,  9iA.  Time. 

Sli|Kii«lai  rif«elved  it 
Phil»d*l.,  mean  Time. 

k.      m.      : 

14  15  30 

k.       m.         *. 

17  44  23.5 

18 

13    0 

14  44     1.6 

40 

33.5 

10 

11.8 

50 

43.5 

20 

21.8 

16     0 

53.7 

30 

31.9 

10 

45     3.8 

40 

41.8  : 

20  20 

49  14.2 

50 

51.7 

30 

24.3 

14     0 

45     1.7 

40 

34.4 

10 

11.4 

50 

44.4 

20 

21.G 

21     0 

64.6 

30 

31.6 

10 

50     4.5 

40 

41.4 

Result,  14  20  40 

17  49  34.4 

1  18 

14    0 

14  45     1.7 

From  these  comparisons  we  may  conclude  that  14h.  20m.  40s. 
on  the  FhUadelphia  chronometer  corresponds  to  17h.  49m.  34.4s* 
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on  the  Hadson  clock ;  and  18h.  14m.  Os.  on  tlie  Hudson  clock 

corresponds  to  14h.  45m.  l,7tj.  on  the  Pliiladelphia  chronometer. 

The  Philadelphia  observer  beat  seconds  for  ten  niinnteSj  and 

two  coinoideaces  were  recorded  at  Hudson ;  viz.,  at 

17K58m.    Oa, 

18k    4m,  10s. 

The  Hudson  observer  beat  seconds  for  eleven  minutes,  and 

three  coincidences  were  recorded  at  Philadelphia ;  yiz.,  at 

14h.  54m.  25s., 

14L  57m.  28.5s., 

15L    Om.  39s. 

The  former  comparisons  show  us  that 

By  (he  Pkiiadtlpkia  Chronometer.  %  the  Hwi*on  Clodk. 

14h.  29m.    4s.  correspond  to  17h.  58m*    Os. 

14L35m.  13s.  "  18h.    4m.  lOs. 

14k  54m.  25s.  "  18h.  23m.  25s. 

14h.  57m.  28.55.        "  18h.  26m.  29s. 

15h.    0m.39s.  '*  18h.  29m.  40s. 

At  16h.  Om.  the  Philadelphia  chronometer  was  4h.  48m. 
25.78s.  fast,  and  losing  2.22s.  per  day. 

At  18h.  6m.  the  Hudson  clock  was  8.13s,  fast,  and  losing  1.02s. 
jxjr  day. 

In  the  following  table,  column  first  shows  the  corrected  PhiU 
adelphia  mean  times  ;  column  second  the  corresponding  Phila- 
delphia sidereal  times;  column  third  the  corrected  Hudson  si- 
dereal times ;  and  column  fourth  shows  the  differences  between 
the  numbers  in  the  two  preceding  columns,  or  the  diiference  of 
longitude  between  the  two  places. 


PhUndel.  man  Time.  |  Philiddphi*  Md.  Tima. 

Hudson  Bid.  Time. 

DUr.  orLongliii^ 

».      m.          .. 

*.       m.           .. 

h.       m.          9. 

m.        t. 

9    40    38.08 

18  22  57.43 

17  57  51.87 

25  5.56 

9  46  47.09 

18  29     7.45 

18    4     1.87 

5.58 

10    5  59.12 

18  48  22.63 

18  23  16.89 

5.74 

10    9    2.62 

18  51  26.64 

18  26  20.89 

5.75 

10  12  13.13 

18  54  37.66 

18  29  31.89 

5.77 

Mean  of  results  by  eastern  signals,   25m.  5.57s. 
**  **  western  signals,  25m.  5.75s. 

Mean  of  both,  25m.  5.66s. 

The  difference  between  the  results  by  eastern  and  western  sig- 
nab  is  partly  doe  to  the  time  required  for  the  transmission  of  the 
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signals ;  tut  this  effect  disappears  from  the  mean  of  both  sets  of 
signals. 

(312.)  A  third  method  of  comparing  local  times  Is  hy  tele- 
graphing transits  of  stars.  This  method  was  practiced  in  the 
summer  of  1848,  between  New  York  and  Cambridge,  in  the  fol- 
lowing manner  i  A  list  of  zenith  stars  is  selected  beforehand,  and 
furnished  to  each  observer.  When  every  thing  is  prepared  for 
observatioHj  the  Cambridge  astronomer  points  his  telescope  upon 
one  of  the  selected  stars  as  it  is  passmg  his  meridian,  and  strikes 
the  key  of  his  register  at  the  instant  the  star  appears  to  coincide 
with  tbe  first  wire  of  his  transit.  He  makes  a  record  of  the 
time  by  his  own  chronometer,  and  the  New  York  astronomer, 
hearing  the  click  of  his  magnet,  records  the  time  by  his  own 
clock.  As  the  star  passes  over  the  second  wire  of  the  transit  in- 
strument, the  Cambridge  astronomer  again  strikes  the  key  of  his 
register,  and  the  time  is  recorded  both  at  Cambridge  and  New 
York,  The  same  o|)e ration  is  rej>eated  for  each  of  the  other 
wires.  The  Cambridge  astronomer  now  points  his  telescoi^e 
upon  the  next  star  of  the  list,  which  culminates  after  an  inter- 
val of  five  or  six  minutes,  and  telegraphs  its  transit  in  the  same 
manner.  In  about  twelve  minutes  from  the  former  observation, 
the  first  star  passes  the  meridian  of  New  York,  when  the  New 
York  astronomer  points  his  transit  instrument  uiwn  the  same 
star,  and  strikes  the  key  of  his  register  at  the  instant  the  star 
passes  each  wire  of  his  transit*  The  times  are  recorded  both  at 
New  York  and  Cambridge.  The  second  star  is  telegraphed  in 
a  similar  manner*  The  same  operations  are  now  repeated  upon 
a  second  pair  of  stara,  and  so  on  as  long  as  may  be  thought  de- 
sirable. 

The  chief  objection  to  this  method  is,  that  it  involves  the  es- 
timation of  fractions  of  a  second,  as  in  the  usual  mode  of  transit 
observations;  that  is,  it  involves  the  personal  equation  of  the 
observers. 

(313.)  The  fourth  method  of  comparison  obviates  this  evil  in 
some  degree,  by  printing  the  signals  upon  a  cylinder  or  a  fillet 
of  paper.  There  must  he  a  clock  at  one  of  the  stations  for 
breaking  the  electric  circuit  every  second,  as  described  in  Art, 
102 ;  and  there  must  be  a  register  at  each  of  the  stations  for 
recording  the  beats  of  the  clock  and  any  other  signals  which 
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may  be  requiredj  as  described  in  Art.  106»  When  the  connec- 
tions are  properly  made,  there  will  be  heard  a  click  of  the  mag- 
nets at  each  station  simultaneously  with  the  beats  of  the  electric 
cloekj  and  the  registers  will  all  be  graduated  into  second  spaces. 
The  method  is  not  limited  to  two  stations,  but  any  niimber  of, 
stations  may  bo  corn  pa  red  at  the  same  time.  In  January,  1849, 
Cambridge,  New  York,  Philadelphia,  and  Washington  were  con- 
nected in  this  manner.  The  mode  of  observation  is  the  same 
as  described  in  the  preceding  article,  except  that  the  olj8cr%^ations 
are  all  recorded  by  the  operation  of  machinery.  The  Cambridge 
astronomer  strikes  tlie  key  of  his  register  as  the  star  passes  sue- 
cessively  each  wire  of  his  transit  instrument,  and  the  dates  are 
printed  not  only  upon  his  own  register,  but  also  upon  those  at 
Kew  York,  Philadelphia,  and  AVashington.  When  the  same  star 
comes  over  the  meridian  of  New  Y'ork,  the  ohserv^er  there  goes 
tlirongh  the  same  u|wrationj  and  his  observations  are  printed 
upon  all  four  of  the  registiirs.  The  PhilaJelpliia  observer  does 
the  same  when  the  star  comes  u])on  Jiis  own  meridian,  and  we 
proceed  in  the  same  manner  whatever  be  tiie  number  of  stations. 
Thus  we  have  four  or  more  registers  all  graduated  into  equal 
parts  by  the  ticking  of  the  sanic  clocks  and  upon  these  we  have 
printed  the  instants  at  which  the  star  was  seen  to  pass  each  wir6 
of  the  transit  telescopes  at  the  several  stations.  These  observa- 
tions furnish  the  difference  of  longitude  of  the  stations,  indc* 
pendently  of  the  tabular  place  of  the  star  employed,  and  also  in- 
dependently of  the  absolute  error  of  the  clock.  The  observers 
now  read  their  levels,  and  reverse  their  transit  instruments.  A 
second  star  is  now  telegraphed  successively  over  each  meridian, 
and  so  on  as  long  as  may  be  desired. 

(314,)  The  following  example  is  derived  from  obser\^ations 
made  in  the  summer  of  18f52,  to  determine  the  diflerence  of 
longitude  between  Seaton  station,  in  Washington,  Pistrict  of 
Columbia,  and  Roslyn  Station,  near  Petersburgh,  Virginia.  The 
observations  at  Seaton  were  recorded  upon  Bond's  s[irjng  govern* 
or,  and  those  at  Roslyn  upn  J^axton^s  register,  and  also  a  Morse 
register.  The  diaphragms  of  the  transits  consisted  of  twenty- 
five  wires,  arranged  in  groups  of  five.  Tlie  following  are  the  ob- 
Bervations  of  star  6150,  British  Association  Catalogue^  July  7, 
1852,  with  the  complete  reduction  for  determining  the  clock  error  : 
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Mean  of  all  the  wires, 
Reductioti  to  middle  wire, 
Diurnal  aberration, 
Level  correction, 
Azimuth  correction, 
Colliniation  correction, 
Personal  equation, 
Sum, 

Star's  right  ascension, 
Clock  error, 


Seaton  StMimi 
h      m.  *, 

18 


9.341 
+  .030 
-.018 
-.014 
-.0S2 
-.106 
^.146 


Rofliyn  Station. 
k.     m.  K, 

18  3  45.108 
.000 
-.018 
-.076 
-.156 
-.192 
-.000 


18  2  9.005 
18  1  48.288 


18 

18 


3  44.666 

1  48.288 


20.717 

The  following  table  sliows  the  clock  errors, 
ilar  manner,  from  the  transits  of  15  stars,  on 
7th: 


1  56.37s 
derived  in  a  sim- 
the  night  of  July 


star. 

DUDnvnee. 

Saaton. 

Rulyn. 

6150,  B.  A.  C. 

20.717 

1  56.378 

1  35.661 

6268        « 

21.214 

56.710 

35.496 

6355        " 

20.977 

56.539 

35.562 

6404        " 

21.134 

56.705 

35.571 

6599        " 

20.912 

56.535 

35.623 

6667        " 

20.942 

56.663 

35.721 

6722        " 

21.023 

56.652 

35.629 

6784        " 

20.964 

56.659 

35.695 

7048        " 

21.398 

56.909 

35.591 

7114        " 

21.183 

56.768 

35.585 

7204        " 

21.017 

66.739 

35.722 

7277 

21.034 

56.713 

35.679 

7333        " 

21.015 

56.642 

35,627 

7398       " 

20.933 

56.347 

35.409 

7521 

Mean  of  observi 

20.917 
itions  July  7,  '. 

56.597 
1852 

35.680 

1  35.617 

Mean  of  all  the 

observations  oi 

a  six  nights  . 

.     1  35.603 

(315.)  Tliis  method  of  observation  is  so  accurate  as  to  furnish 
a  tolerable  measurement  of  the  velocity  of  the  electric  fluid.  If 
the  fluid  requires  no  time  for  its  transmission,  then  the  signals 
given  at  either  station  ought  to  be  similarly  printed  at  all  the 
stations ;  and  the  fraction  of  a  second  registered  upon  any  one 
scale  should  be  identically  the  same  as  iipon  every  other.  But 
if  the  fluid  requires  time  for  its  transmission,  these  fractions  will 
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be  difierent.  Suppose  the  clock  to  be  at  Washington  ;  that  an 
arbitrary  signal  is  made  at  Cambridge ;  and  that  the  time  req* 
uiyite  for  the  traDsmission  of  a  signal  between  the  two  places  ia 
the  thirtieth  of  a  second.  Then  the  clock-pause  will  be  regis* 
tered  at  Cambridge  ^^th  of  a  second  after  it  took  place  and  was 
recorded  at  Washington,  and  the  arbitrary  signal-pause  will  be 
recordetl  at  Cambridge  as  soon  as  it  is  made,  or  Jjjth  of  a  second 
before  it  reaches  Washington.  We  shall  thus  have  the  interval 
between  tho  signal-pause  and  the  preceding  elock-pause  longer 
at  Washington  than  at  Cambridge,  and  the  excess  on  the  Wash- 
ington register  wull  measure  twice  the  time  consumed  ui  tlie 
transmission  of  the  signals  between  the  two  stations. 

Thus,  in  the  following  figure,  let  the  upper  line  represent  a 
portion  of  the  Washington  time  scale^  corresponding  to  15,  16, 

Washington,  ^  -        ^ ^* ^—^ J^ 

Cambridge  J  —   ^^— .  — ^ w* 

etc,,  seconds,  and  the  lower  line  the  same  for  Cambridge^  each 
division  being  a  little  later  than  the  (M^rresponding  one  for 
Washington.  Then,  if  an  arbitrary  signal  is  made  at  Cam- 
bridge between  16  and  17  seconds,  and  printed  at  A,  the  rec- 
ord on  the  Washington  scale  w^ill  be  at  B,  and  the  interval  from 
16  to  B  will  exceed  that  from  16  to  A  by  twice  the  time  con- 
sumed in  the  transmission  of  the  signals  from  Cambridge  to 
Washington. 

Numerous  observations  have  been  made  under  the  direction 
of  the  superintendent  of  the  Coast  Survey  for  the  purpose  of  de- 
termining the  velocity  of  the  electric  fluid,  and  the  general  re- 
sult is  about  I65OOO  miles  a  second. 


Section   IIL 

LONOITDDE    DETERMINED    BY    MOON-CULMINATINO    STARS. 

(316»)  The  moon's  motion  in  right  ascension  is  very  rapid, 
amounting  to  about  one  minute  in  arc  for  every  two  minutes 
of  time. 

If,  then,  the  right  ascension  of  the  moon  has  been  observed  at 
two  diflerent  stations,  we  may  infer  the  difference  of  longitude 
of  the  two  meridians  from  the  difference  of  the  observed  right 
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ascensions  compared  with  the  times  of  observation.  If  we  have 
a  transit  instrument  adjusted  to  the  meridian,  and  observe  the 
passage  of  the  moon's  limb  and  some  known  star,  we  can  deduce 
the  right  ascension  of  the  moon's  limb  from  the  known  right  as- 
cension of  the  star.  If  we  select  for  comparison  a  star  which  is 
near  the  moon,  the  errors  of  the  instrument  will  have  but  little 
influence  upon  the  result,  since  these  errors  will  be  nearly  the 
same  for  the  moon  and  star.  The  English  and  American  Nau- 
tical Ahnanacs  both  furnish  the  moon^s  place  and  those  of  cer- 
tain neighboring  stars  on  every  day  upon  which  it  is  possible  to 
observe  the  moon.  These  stars  are  called  moon-culminating 
stars,  and  are  generally  four  in  number  for  each  day,  two  pre- 
ceding and  two  following  the  moon,  and  nearly  on  the  same  par- 
allel of  declination, 

(317.)  The  Nautical  Almanac  furnishes  the  right  ascension 
of  the  moon's  bright  limb  for  the  lower  as  well  as  the  upper  cul- 
mination, L.  C.  being  put  to  denote  the  lower  culmination,  and 
U*  C.  the  upf>er  cuhnination.  The  right  ascension  of  the  moon's 
bright  limb  is  given  far  evert/  daj/y  with  a  view  to  the  more  ac- 
curate determination  of  its  variation,  when  required.  It  also 
furnishes  the  variation  in  right  ascension  of  the  moon's  limb  in 
one  hour  of  longitude  ;  that  is,  the  variation  during  the  interval 
of  her  transit  over  two  meridians,  equidistant  from  that  of  Green- 
wich, and  one  hour  distant  from  each  other.  These  numbers 
are  deduced  from  the  right  ascensions  of  the  bright  limb^  and 
therefore  include  the  effect  produced  by  the  change  of  the  semi- 
diameter. 

(318.)  These  numbers  enable  us  to  determine  the  difference 
of  longitude  of  any  two  places  where  corresponding  observations 
of  the  moon's  limb  have  been  made.  The  observations  furnish 
the  right  ascension  of  the  moon's  bright  Umb  at  its  transit  over 
each  meridian,  which  we  will  represent  by  A  and  A' ;  hence  we 
know  the  moon's  motion  in  right  ascension^  A'=-A,  during  the 
interval  of  the  two  transits.  But  the  Almanac  furnishes  the  va- 
riation of  the  moon's  right  ascension  corresponding  to  one  hour, 
which  we  will  represent  by  V. 

We  shall  therefore  have  the  proportion 

V :  A'— A ::  1  hour :  the  difference  of  longitude. 

Ex.  h  The  right  ascension  of  the  moon's  first  limb,  Septem- 
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ber  6, 1840,  was  observed  at  Washington  to  he  i9h.  21m.  29,90s.^ 
and  on  the  same  evening,  at  Hudson,  Ohio,  19h.  22m.  9.723.  Re- 
quired the  difl'ereiice  of  longitude  of  the  two  places. 

Here  A^  ^  A = 39.82s. 

That  value  of  V  must  be  taken  which  corresponds  to  the  mid- 
dle of  the  interval  between  the  observations,  which  is  found  by 
interpolation  to  be  135.5os.     Hence  we  have 

135.55s. :  39.S2S, : :  1  hour  r  17m.  37,568., 
which  is  the  required  difference  of  longitude. 

{319.)  Since  the  moon's  motion  in  right  ascension  is  not  uni- 
form j  this  method  of  reduction  can  not  be  relied  upon  when  the 
distance  between  the  meridians  is  considerable.  The  following 
method  in  such  cases  is  to  be  preferred : 

Let  6j  represent  the  approximate  longitude  of  the  station  to 
be  compared  with  Cxreenwich,  as  Washington,  for  example,  and 
w+x  the  true  longitude  to  be  determined.  Let  A  and  A'  be  the 
observed  right  ascensions  of  the  moon's  limb  at  the  moments  of 
its  passing  the  meridians  of  (xreenwieh  and  Washington  respect- 
ively. These  will  evidently  be  the  sidereal  times  of  her  transit 
at  those  places.  Find,  by  interpolation  from  the  Nautical  Al- 
manac, the  moon's  right  ascension  for  the  assumed  longitude  w, 
and  call  it  A".  Now  A^  the  sidereal  time  of  transit  of  the 
moon*s  limb  at  Washington,  is  her  right  ascension  for  the  true 
longitude  ut+x^  and  consequently  A'  — A^""  is  the  increase  of  the 
moon-s  right  ascension  for  the  small  arc  of  longitude  x. 

Let  m^=^Af  —  A^the  observed  increase  of  right  ascension  of 
the  moon's  limb  between  the  two  me- 
ridians* 
W^A'''— A=the  increase  ocfmputod  for  the  assumed 
longitude  4>, 

Then  m'  — m  =  A''— A''^  =  the  excess  of  the  observed  increase 
above  the  computed  increase. 

And  we  shall  have 


that  is, 


The  true  longitude  ^w  4- -i^* 

Ex.  2.  The  increase  of  right  ascension  of  the  moon's  bright 
limb  between  her  transits  over  the  meridians  of  Greenwich  and 
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Hudson,  Ohioj  September  6, 1840,  was  found  to  b©  12in.  17.95& 
Required  the  diflerenco  of  longitude. 

According  to  the  Nautical  Almanac,  the  right  a^ension  of  tha 
moon's  bright  limb  for  Greenwich  transit  was, 


naic. 

fi.  A.  Uooa^m 
Limb, 

W, 

D'. 

D-*, 

D'"\ 

h.    m.      9. 

nu      t. 

<. 

jr. 

#.    1 

Sept.  5,  U.  C, 

18  U  45.d6 

+  37  40.48 

L.  C. 

18  42  25.84 

+27  25.68 

-14,80 

-5,77 

"     6,  U.  C.   19     9  51.62 

c,- -20.57 

<r,,  =  +  l.6e 

6„  =  +27     6.11 

<  =  -4.00 

L.  C. 

19  36  56.63 

+  26  40.45 

iro  =  -'24  66 

-2.15 

t^=  +  1.94 

"     7,  U.  C. 

20     3  37.08 

+26  13.64 

--26.81 

L.  C. 

20  29  50.72 

and  the  successive  orders  of  differences  are  found  as  above* 
Hence  we  have,  by  Art.  223, 

+  162511S.      I      -22'615s.      |      -4099.      |      +L81S. 
We  will  assume  d  to  be  5h.  25m.  40s,     The  process  for  find- 
ing the  value  of  A^^  — A,  by  Art*  223,  will  bo  as  follows : 
5k25m.40a=   195408. =4.2909246  %  t{t-l)=9.2940n 

12h.=   43200s.=4.6354837    /-i  =  -^047683=8.6784d 
i^  452315=9.6554409 
6=16251l9.=3.2108828 


6  comp. -9.2218 
rf=-4.09s.=a6117« 


+735.061S. -2.8663237 

log.  ^-9,65544 
f^l=-.547685^9.738o3» 
2  comp.- 9,69897 
c= -22.615s. -L35440^ 
+2.8013.-0.44734 


-0.0083.-7.9059/* 
log,  /(^-l)-9.3940/j 
(+1-    1.452315-0.1621 
r-2  =  - 1 ,547685  -0.1897» 
24comp.=8.6198 
e  =  +  1.81s.=0.2577 
+0.042S, =8.6233 


Hence 

A"^  A  ^  m  ^  735.061s.  +  2.801s--  .OOSs.  +  .042s.  ^  737.896s. 
But  »i^  =  737.95s.  =  the  observed  increase  of  right  ascension. 
Hence  m'  —  m^  +  0.054s.  =  the  observed  excess. 
Therefore 

737.896s. :  19540s. ::  0.054s. :  a;  =  143s. 

The  assumed  longitude  was 5h.  25ni.  40s. 

The  correction  is    .  .  .  , .  ,  .  +143s. 

The  longitude  from  this  observation  is,  •  51i.  2Sm,  41.43s. 
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(320,)  The  increase  of  right  ascension  of  the  moon's  bright 
limb  shonld,  if  possible,  be  derived  from  actual  observations  at 
Greenwich ;  or,  at  all  events,  the  errors  of  the  tables  should  be 
corrected  by  observations  at  some  standard  observatory. 

The  chief  disadvantage  of  this  method  consists  in  this  cir- 
cumstance, that  an  error  in  the  observed  increase  of  right  as- 
cension will  produce  an  error  between  20  and  30  times  as  great 
in  the  computed  longitude.  The  increase  of  right  ascension  of 
tlie  moon's  limb  in  one  hour  of  longitude  varies  from  112  seconds 
to  180  seconds.  In  the  former  case,  an  error  of  one  second  in 
tlie  observed  increase  of  right  ascension  would  cause  an  error 
of  32  seconds  in  the  deduced  longitude ;  and  in  the  latter  case, 
it  would  cause  an  error  of  20  seconds.  Hence,  to  obtain  a  sat- 
isfactory result  by  this  method,  requires  a  series  of  observations 
made  with  the  utmost  care,  and  continued  through  a  long  period 
of  time. 

{321.)  It  is  found  that  telescopes  of  different  optical  power  do 
not  exhibit  the  moon  of  the  same  diameter ;  and  the  determina- 
tion of  longitude  from  a  single  observed  moon-culmination  is  al- 
ways liable  to  error  from  this  source.  In  order  to  eliminate  this 
error,  we  should  so  arrange  the  series  of  observations  that  the 
error  shall  sometimes  be  in  excess,  and  at  other  times  in  defect ; 
and  this  is  accomplished  by  observing  successively  both  limbs  of 
the  moon ;  that  is,  by  observations  of  the  first  limb  before  full 
moon,  and  of  the  second  limb  after  full  moon.  The  observer 
should  also  take  care  that  the  apparent  diameter  of  the  moon  is 
not  magnified  by  imperfect  optical  adjustment  of  his  telescope; 
for  which  purpose  he  must  see  that  the  eye-piece  is  accurately 
adjusted  to  the  focus,  in  order  that  the  moon  and  the  spider  lines 
may  both  appear  sharp  and  distinct  at  the  same  time. 

(322.)  The  method  of  determining  longitude  by  lunar  dis- 
tances is  closely  allied  to  the  method  of  moon-culminating  stars ; 
but  this  method,  being  little  usej  in  fixed  observatories,  is  not 
treated  of  in  the  present  volume.  The  common  mode  of  re- 
ducing a  lunar  distance  yields  very  imperfect  results ;  but  in  the 
American  Nautical  Almanac  for  1855,  Professor  Chauvenet  has 
given  a  method  of  making  the  reductions  with  entire  accuracy, 
and  has  furnished  tables  by  w^hich  the  computations  are  made 
with  great  facility. 
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Section   IV. 

llTQITTJDE  DETERICINED  FROM  OCCULTA TIOKS  OF  8TAR9,  BY  FINDING 
THE    TIME    OF    TEUE    CONJUNCTION. 

(323.)  On  account  of  the  moon^s  parallax,  it  often  happens 
that  a  star  which  is  occulted  by  the  moon  to  an  observer  at  one 
station  is  not  occulted  at  a  second  station,  or  the  occultation  be- 
gins at  a  different  instant  of  time.  We  can  not,  therefore,  use 
an  occultation  as  an  instantaneous  signal  for  comparing  directly 
the  loeal  times  at  the  two  stations;  but  we  may  deduce  from 
the  observed  cxjcultation  the  time  of  true  conjunction  of  the 
moon  and  star ;  that  is,  the  time  of  conjunction  as  seen  from  the 
centre  of  the  earth ;  and  this  is  a  phenomenon  which  happens 
at  the  same  absolute  instant  for  every  observer  on  the  earth's 
surface.  For  this  purpose,  we  must  determine  &om  the  ob- 
served instant  of  immersion  or  emersion, 

1st.  The  apparent  difference  of  right  ascension  between  the 
moon  and  star. 

2rf.  The  true  difference  of  right  ascension  between  the  moon 
and  star, 

3d,  The  time  of  true  conjunction, 

(324.)  In  the  annexed  figure,  let  P  represent 
the  pole  of  the  equator,  M  the  centre  of  the  moon, 
and  S  the  star  at  the  instant  of  immersion,  when 
its  apparent  distance  from  the  moon's  centre  is 
equal  to  the  moon's  semi-diameter.  Let  SD  be  a 
parallel  of  declination,  passing  through  S,  and  let 
AB  be  the  arc  of  the  equator,  intercepted  between 
the  hour  circles  PS  and  PM  prolonged.  Then  MD 
is  the  apparent  difference  of  declinations  between 
the  star  and  the  moon's  centre,  which  we  will  rep-  "*      M 

resent  by  <J ;  and  — ^-^^  is  their  apparent  difference  of  right  as- 

cos.  A& 

censions,  which  we  will  represent  by  a.     Also,  we  will  represent 
SM,  the  moon's  semi-diameter,  by  A* 

Now  the  triangle  SMD  being  necessarily  very  smaU,  we  may 
regard  it  as  a  plane  triangle,  and  we  shall  have 


M 
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Whence 


_^(A+eS)(A-d) 


COS. 


putting  d  for  AS,  or,  more  properly,  i(AS  +  BM). 

If  we  represent  the  mooD's  parallax  in  right  ascension  ty  tt, 
the  difference  between  the  true  right  ascensions  of  the  moon  and 
star  will  be  represented  by 

The  time  required  by  the  mooo  to  describe  this  arc  may  be 

found  by  the  proportion 

m:3600s.::a±Tr;^ 

where  m  is  the  hourly  motion  of  the  moon  in  right  ascension, 

corresponding  to  the  middle  of  the  interval  between  the  observed 

time  and  that  of  true  conjunction  of  the  moon  and  star. 

„                                 ,     3600.    ^    , 
Hence  t  — {a±7T). 

Let  T  represent  the  observe4  instant  of  immersion  or  emer- 
sion ;  then  T  it  ^  will  be  the  instant  of  the  tme  conjunction. 

(325.)  If  the  occultation  has  been  observed  under  a  second 
meridian,  we  may  in  the  same  way  determine  the  instant  of  true 
conjunction  at  the  seccnJ  place.  Now  the  absolute  instant  of 
this  phenomenon  is  the  same  for  both  places ;  hence  the  differ- 
ence of  the  two  results  thus  obtained  is  the  difference  of  longi- 
tude of  the  two  stations.  If  the  two  stations  are  not  very  re- 
mote^ the  effect  of  any  small  error  in  the  tables  of  the  moon  will 
be  partially  eliminated  from  the  result.  If  the  occultation  has 
not  been  observed  under  a  second  meridian,  we  must  calculate 
the  time  of  true  conjunction  for  Greenwich  according  to  the  ta- 
bles, and  compare  this  time  with  that  deduced  from  tlie  observa- 
tion. 

Example.  The  immersion  of  fj  Tauri  was  observed  at  tlie 
High  School  Observatory,  Pliikdolphia,  Ju^  6,  1839,  at  16h. 
SOm.  25.39s,  mean  time ;  and  at  Hudson,  Ohio,  at  16h»  2m* 
21.67s.  mean  time.  Required  the  difference  of  longitude  of  the 
two  places. 

We  vriE  assume  the  longitude  of  Philadelphia  to  be  5h,  Om, 
42.5s.,  and  that  of  Hudson  to  be  5h.  25m.  41,3s. ;  the  corre- 
sponding Grreenwich  times  of  observation  wiU  be  21h.  31m. 
7.89s.,  and  21h.  28ra.  2.97s. 

For  21h*  31m.  7*89s.  Greenwich  time,  the  raoon*s  equatorial 
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parallax,  by  Adams'  Tables^  is  59'  41'^7,  which,  reduced  to  the 
latitude  of  Philadelphia,  is  59'  36'^8.  The  moon's  parallax  in 
right  ascension  for  this  case  was  computed  in  Ex.  1»  page  189, 
and  found  to  be  44'  17",1.  The  parallax  in  declination  was 
computed  in  Ex.  1,  page  194,  and  found  to  be  26''  lO'M,  The 
moon's  true  semi-diameter  is  16'  IG'^.O.  The  augmentation  was 
computed  in  Ex,  2j  page  201,  and  found  to  be  lOMo.  Hence 
the  augmented  semi  -  diameter  is  16'  26'^2  =  A.  Also,  m^ 
2286^.2. 

The  moon's  true  declination  .  .  =24°     5'  IV'M  N. 

Parallax  in  decUnation ^         26^  lO'M 

Moon's  apparent  declination  .  *  =23*^  39'     1".5 

Star's  decimation =23<^  36^  irM 

d^differenco =^  2'  44''.4=164'^4. 

Hence  AH-(J=1150".6 

A- 6=  821".8 

d=23<>  37^  39".3 

.  lo^  fi>   A      V^1150.6x 821.8     .nci./Q 

a=  apparent  difference  of  B.  A. = = =  106I''.9 

COS.  a 

Tr=265ra 

a+fr=the  true  difference  of  right  ascension =3719".0 

t=^''lt'lf'^=5me.2s.  =  lh.  37m.  36,2s., 

which,  added  to  16h.  30m.  25.39s.,  gives  18h.  8m.  1.59s.  for  the 

Philadelphia  time  of  true  conjunction. 

So  also  for  21h.  28m.  2.97s.  Greenwich  time,  the  moon's  equa- 
torial parallax  is  69'  41''' .7,  which,  reduced  to  the  latitude  of 
Hudson,  is  59'  36".5.  The  moon's  parallax  in  right  a^ension 
for  this  case  was  computed  in  Ex.  3,  page  190,  and  found  to  te 
45^  56".5.  The  parallax  in  declination  was  computed  in  Ex.  3, 
page  195,  and  found  to  be  29'  17".9.  The  augmentation  of  the 
moon's  semi-diameter  was  computed  in  Ex.  4,  page  201,  and 
found  to  be  8",9,  Hence  the  augmented  semi-diameter  is  16' 
24".9=A.     Also,  m^2286  M, 

The  moon's  true  declination =24*^     4'  41'''*7 

Parallax  in  dechnation ^         29'  17".9 

Moon's  apparent  declination =23°  35'  23''.8 

Star's  declination ,  .  ,  =23^  36'  17'M 

d^difference ,  .  •  , ==  53".3 
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A+«J=1038".2 
A-«J=  931",6 

rf=23^  35'  50"  .4 


t  Iff  fp   A      \/l038.2x 931.6     .n-i-o 

a=appareat  amerence  of  R.  A.  = = =  10/3  2. 

'^•^  oos.  o 

77=2756^ 
a+7r= the  true  difference  of  right  ascension    .  ,  .  =3829".? 

ZaHd.  1 

which,  added  to  16h.  2m.  21.67s.,  gives  I7h.  42m,  52.47s.  for  the 
Hudson  time  of  true  conjunction. 

Subtracting  the  Hudson  time  of  true  conjunction  from  the 
Philadelphia  time,  we  obtain  25m.  9.1s.,  which  is,  therefore,  the 
difference  of  longitude  of  the  two  places,  as  determined  by  these 
observations. 


Section  T. 

LOXOITUDE    DETEEMINED    FROM    OCCULTATIOKS    OF   STARS    BV  TJSmO 
THE    moon's    MOTlOr^    IN    ITS    APPARENT   ORBIT. 

(326.)  From  the  supposed  longitude  of  the  place  we  must  de- 
duce the  Greenwich  time  of  the  observationi  and  for  this  time 
find  the  true  place  of  the  moon,  and  compute  its  parallax  in  right 
ascension  and  declination,  from  which  we  derive  the  moon^s  ap- 
parent place.  Subtracting  the  place  of  the  moon  from  that  of 
the  occulted  star,  we  obtain  the  apparent  distance  of  the  star 
from  the  moon^s  centre.  If  this  distance  is  equal  to  the  moon's 
semi-diameter,  augmented  for  its  apparent  altitude,  the  assumed 
longitude  is  correct ;  but  if  these  quantities  are  not  equal,  the 
assumed  longitude  is  erroneous,  and  the  correction  of  the  longi- 
tude may  be  obtained  according  to  the  principles  of  Section  lU. 
of  Chapter  XL 

It  is  here  supposed  that  the  places  of  the  moon  given  in  the 
Nautical  Ahnanac  are  perfectly  correct.  In  order  that  the  longi- 
tude may  be  obtained  with  the  greatest  accuracy,  the  correc- 
tions of  the  tables  should  be  deduced  from  observations  at  some 
place  whose  longitude  is  well  known,  and  these  corrections  should 
be  applied  to  the  tabular  places  before  computing  the  distance 
betweefi  the  moon  and  star* 
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Example.  The  immersion  of  a  Tauri  was  observed  at  Cam- 
bridge, January  23,  1850,  at  7h,  14m.  39,0ds.  mean  time ;  the 
emersion  at  8h.  29m,  50.25^,  mean  time,  Required  the  longi- 
tude of  Cambridge  from  Greenwich. 

Assuming  the  longitude  of  Cambridge  from  Greenwich  t^o  be 
4h-  44m,  30s.,  the  corresponding  Greenwich  times  of  immersion 
and  emersion  will  be  llh.  69m.  9.05s.,  and  13h.  14m.  20.25s. 
For  these  times  we  find  the  right  ascension  and  deohnation  of 
the  moon  from  the  Nautical  Almanac,  and  apply  the  corrections 
found  on  page  340.  At  the  time  of  immersion,  the  moon's  hour 
angle  was  14^  46^  ll'^SS  E. ;  its  liorizontul  parallax,  reduced 
to  the  latitude  of  Cambridge,  was  59'  44  \6 ;  and  its  semi-diam- 
eter, augmented  for  altitudcj  16'  33^\4.  At  the  time  of  emer- 
siouj  the  hour  angle  was  3^  IS'  12''.95  W. ;  its  reduced  hori- 
zontal parallax,  59^  47^^0 ;  and  its  augmented  semi-diameter, 
16'  34'',6.     Hence  we  obtain  tlie  following  results : 


War  Inuneniofi. 


Moon*«  traa  pUce 

Correction  to  do 

Moon's  parallax 

Moon's  apparent  place  .    . 

Star's  placi* , 

Difference > . . 

Reduced  to  seeondi  of  arc 


R.  A. 

k.  m,      §. 
4  t5  34 J2 
-0,53 

47  70 


16  29  58.6  N 
26  43  5 


4  26  21  sal  16 
4  27  19.54  16 


5824 
6395 


3  12  7 
12     3  4 


S  50.7 
5303 


For  Einonion. 


R.  A. 
A,  rn.       M. 
4  28  40.02 
-0.52 
10-80 


4  28  28.70 
4  27  10,64 


1    s».ie 

0962 


IS  38    6,3  N. 
-2.3 
96  13  2 


16  n  40.8 
16  12     34 


13.6 
129 


Tho  hourly  motion  in  right  ascension  is  1464'^9,  and  in  deo 
Unation  412^^8. 

Hence,  in  the  triangle  HMM'  (see  fig.  next  page), 
1464  ^9: 412' .8::  1 :  tang.  HMM'  =  15^  44'  16^2, 
COS.  HMM' :  1 ::  1464'^9  :  MM^  =  1521'^97, 
which  is  the  hourly  motion  in  orbit. 
In  the  triangle  DSM, 

530 ',2 :  839 '.5 ::  1 :  tang.  DSM  =  57^  43"  33''-2, 
sin.  DSM :  839  ^5 : :  1 :  SM  =  992^  .94. 
Hence  MSC  =  73^  27'  49". 4, 

1 :  992  ^94  ::  cos.  MSC  :  t3C=282'^6, 
SB=993^4:282  ^6::1  :co8.  BSC:=73^  28'  17'''-a 
Hence  BSM^28^4, 

sin.  SBM :  992  ^94 : :  sb,  BSM  :  BM  =  0'^48. 
The  time  of  describing  BM  =  1.14s.,  which  is  the  correctioQ 
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eclipse ;  but  to  dedace  the  corresponding  mean  time  requires  at 
least  an  approximate  knowledge  of  the  longitude  of  the  place. 
We  may,  however,  generally  assume  that  the  longitudo  is  known 
with  sufficient  precision  to  enable  us,  without  material  errnr^  t^> 
deduce  the  mean  time  from  the  known  sidereal  time,  or  apparent 
solar  time.  We  shall,  therefore,  suppose  that  both  the  sidereal 
time  and  the  mean  time  of  the  phases  of  an  eclipse  are  known, 
and  also  the  latitude  of  the  place  of  observation. 

(328,)  The  general  elements  of  the  eclipse  in  question,  A,  I)^ 
t,  /,  X,  7/,  and  Zy  must  be  computed  from  hour  to  hour  for  the 
mean  time  of  the  meridian  of  the  ephemeris,  and  these  hours 
must  be  so  selected  as  to  comprehend  the  entire  duration  of  the 
eclipse.  The  formulas  for  these  quantities  have  been  given  on 
page  277. 

The  values  of  A,  D,  and  i  change  but  slowly,  and  we  may  as- 
sume them  to  be  pretty  accurately  know^n  for  the  time  of  ob» 
servation ;  for  i  is  extremely  small,  w^hile  A  and  D  depend  chiefly 
upon  the  place  of  the  sun,  which  the  tables  furnish  with  tolera- 
ble precision.  Indeed,  this  assumption  is  a  necessary  one,  for 
it  is  impossible  from  the  observations  of  an  eclipse  to  detect  any 
error  which  may  exist  in  these  values.  The  errors,  however, 
existing  in  the  assumed  values  of  a:,  y,  and  /  may  be  determined 
with  great  accuracy  ;  and  w' e  shall  therefore  substitute  fur  these 
quantities  the  expressions  x+Ax^  ff-^^t/,  i  +  Ai,  wiierc  Ax^  At/^ 
and  Al  represent  the  errors  of  x^  p^  and  /,  of  w*hich  w*e  are  in 
search.  Equation  (5),  page  267,  accordingly  becomes 
{x^Ax-if^^{tf^Ay-7}f^(!'^ll--i^)\ 

(329.)  Let  now  the  values  of  a,  <J,  tt,  a\  (J%  and  Tf',  be  taken 
from  the  ephemeris  for  the  time  T  of  the  first  meridian.  Let 
T  +  T'  represent  the  required  time  of  the  first  meridian  at  wixich 
a  phaae  of  an  eclipse  was  observed.  Let  Xq  and  ^q  denote  the 
values  of  a:  and  y  for  the  time  T,  and  xf  and  y'  the  hourly  varia- 
tions of  x  and  y ;  then  we  shall  have 

x^Xo-^x'T,  and  y-^yo'^y'T. 

We  may,  in  the  same  manner,  consider  ^,  f^,  and  <  as  also  com- 
posed of  two  parts.  Since,  however,  these  magnitudes  change 
but  slowly,  and  we  generally  have  an  approximate  knowledge 
of  the  difference  of  longitude,  and  consequently  tlie  time  of  the 
first  meridian  corresponding  to  the  time  of  observation,  we  may 
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assume  these  quantities  as  known  for  this  time.     The  preceding 
equation  therefore  becomes 

(330.)  If  the  variations  of  x  and  ^  were  proportional  to  the 
time»  x"  and  i/'  would  he  constant,  and  the  knowledge  of  the 
tinoe  T  +  T^  would  not  be  necessary  for  computing  them.  This^^ 
however,  is  not  the  case ;  but  since  the  variations  of  x'  and  ?/' 
are  small  in  comparison  with  those  of  x  and  y,  the  above  equa- 
tion may  be  solved  by  successive  approximations,  which  rapidly 
converge  to  the  truth. 

Let  us  assume 

m  sin*  M— Xq— If  n  sin.  N^a:', 

m  COS.  M.—Po—fi,  n  cos.  N  =  y', 

the  preceding  equation  will  become 

{h'\-^lf-{m  sin.  M+wT'  sin.  N+4a;)' 
+  (/w  cos.  M  +  /?T'  cos.  N  +  iii/)". 

Substitute  for  L  its  value  ^-^-  ^r-^ K  and  expand  the  seo- 

ond  member  of  this  equation,  remembering  that  ?«*  sin.^  M+m- 
cos.'^  Tii  =  m^y  we  obtain 

/m  sm.  (^-^)_^^A'^^3^3^^T.  ^^  (M-N)+n^r^ 
V       8in»  if  / 

+2Ax(m  sin.  U  +  nT  sin.  N)  +  (A2;)^ 
+  2At/(m  COS.  M  +  rtT^  cos.  N)  +  (d^)^ 
=  \nT  +  m  COS.  (M-N)H-da;sin,N  +  Ai/cos.  NP, 
+  {m  sin.  (M  — N)  +  A:c  cos.  N— Ai/  sin.  N}^. 
Let  us  put         nX  =  Ax  sin.  N-f  A^  cos.  N, 
nX'  =  —Ax  COS.  N+Ai^  gin.  N, 
and  we  shall  have 

jmsin.(M-N)^^^P     UT'+m  oos.  (M-N)+nA!» 
(         sm.  >/i  J 

+  {fft  ain.  (M-N)-«A'}*, 

or     {»T'+J»  008.  (M-N)+»A}»=-j^-^9m.  (JI-NJ  +  A^r 

-(Msin,  {M-N)-nA'P 


m* 


.    ,     sin.MM-N)+^^8m.  (M-N)i/ 
-m*  ain.*  (M-N)+2m«A'  ain.  (M-N) 
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=  L^  COS.*  if+2hAl+2LnX'  sin.  if, 
where  we  have  neglected  the  small  terms  aP  and  fi^l'^* 

Extracting  the  square  root,  and  neglecting  the  higher  powers 
of  Ai  and  nk',  we  have 

nT  +  mom,  (M— N)+wA—  ^  {Lcos.  t/*+A/  see. -^ H-«A' tang,  i/j}, 
or 

T'^— ™  COS.  (M  — N)^ — ^  — AqiA'  tang,  %p^ —  sec.  -Vt 

n  n  n 


or 


™,        w  sin.  (M  — N±i/^)     ,      ,..  ,     A^  . 

T'= .  - — > : — ^^' — A T  A'  tang.  V?  =f  —  sec.  -0. 


w  sin.  -0 

(331.)  Since  now  the  time  of  immersion  is  always  earlier  than 
that  of  emersion,  T^,  for  an  immersion,  must  have  a  less  positive 
value,  or  a  greater  negative  value,  than  for  emersion.  Hence, 
if  we  always  take  the  angle  ^i  either  in  the  first  or  fourth  quad- 
rant, the  upper  sign  belongs  to  an  immersion,  the  lower  to  an 
emersion.  If,  however,  for  an  immersion  we  take  xp  in  the  first 
or  fourtli  quadrant,  but  for  an  emersion  in  the  second  or  third 
quadrant,  we  shall  have  in  either  case, 

T=  _'»«i"-(M-N+V,)_.^_^.  A/  ^^ 

at 

T'=-- COS.  (M-N)-Ji^5^-A-r  tang.  V-- sec.  V.{1) 
n  n  n 

In  the  case  of  annular  eclipses,  at  the  internal  contact  the 
emersion  precedes  the  immersion.  We  must,  therefore,  in  tliis 
case,  for  the  immersion,  take  ip  in  the  second  or  third  quadrant, 
and  for  the  emersion  in  the  first  or  fourth. 

(332.)  Equation  (1)  may  be  solved  by  successive  approxima- 
tions. We  must,  for  this  purpose,  compute  the  values  of  2',  f/\  r, 
A,  D,  g*,  /,  and  i,  for  several  successive  hours,  so  that  the  values 

Lof  Xq  and  ^o^  ^'^  well  as  their  hourly  variations,  can  be  found 
for  any  time  by  interpolation.  We  then  assume  a  time,  T,  as 
accurate  as  the  provisional  knowledge  of  the  dittercnce  of  longi- 
tude will  permit,  and  iotcrpolate  for  this  time  the  quantities  Xoj 
|/o,  x%  and  p%  and  thence  find,  by  formula  (1),  an  approximate 
value  of  T'.  With  the  value  T  +  T\  we  repeat,  if  necessary, 
the  preceding  computation.  Represent  by  T  the  value  assumed 
in  the  last  approximation,  and  the  correction  obtained  by  T'; 
then  T  +  T' =^  —  w,  where  i  m  the  time  of  observation,  and  ca  the 
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east  longitude  of  the  station  from  the  first  meridian,  by  which 
we  understand  that  meridian  whose  time  is  employed  in  the 
computation  of  a:,  y^  z,  etc. 
We  therefore  have 

(j^/-T+^  COS.  (M-N)  +  -  COS.  i>+X+l'  tang.  i»+—  sec.  -0 
n  n  n 

,     m  .  fn  am.  (M  — N  +  ii')  ..,.,.         ,  .  A/  ,        /nv 

^^_TH ^  .       "--'-+X+k'tmg,'ip+—  sec-^  .  .  (2) 

n  sin.  ^  71 

(333.)  Since  the  mean  solar  hour  has  been  employed  as  the 
nnit  in  the  values  of  x'  and  p\  the  preceding  formula  sup[x>se3 
the  same  unit  of  time  for  6>.  If  we  wish  to  obtain  the  differ- 
ence of  longitude  in  seconds  of  time,  we  must,  multiply  the  form- 
ula by  s,  the  number  of  seconds  belonging  to  an  hour  of  that 
species  of  time  in  which  the  observation  is  expressed ;  ^— T  will 
then  be  expre^ed  in  seconds  of  the  same  kind  of  time  in  which 
/  is  given ;  or  T  represents  the  same  kind  of  time  with  i. 

Equation  (2)  does  not  properly  furnish  the  difference  of  longi- 
tude of  the  place  of  observation  from  the  -first  meridian,  but 
rather  the  relation  between  this  quantity  and  the  errors  of  the 
elements  employed.  If  the  same  eclipse  has  been  observed  at 
different  places,  we  may  obtain  for  each  place  as  many  such 
equations  as  there  are  instants  of  observation.  By  combining 
these  equations,  we  may  eliminate,  as  will  be  seen  hereafter,  the 
error  of  one  or  more  of  the  elements  of  computation,  and  thus 
render  the  result,  as  far  as  possible,  independent  of  the  error  of 
the  tables. 

(334.)  We  must  now  develop  the  quantities  k  and  X%  which 
are  determined  by  the  equations 

wA  =sin.  NAa;+cos.  NAy, 
f»^':=sin.  NA^— COS,  NAa:. 

The  quantities  x  and  ^,  as  will  be  seen  from  the  equations  on 
page  271 ,  depend  upon  a  —  A,  d  —  D,  and  tt.     If  we  assume  these 
magnitudes  to  require  correction,  we  shall  have 
^X—a  A(a-A)  +  6  A(d-D)  +  C  Att, 
A^-o'A(a-A)-f6'A(a-D)  +  c^ATr, 
where  a,  A,  c  are  the  differential  coefficients  of  a;  in  respeot  to 
a— A,  d— D|  and  n;  while  a\  b\  and  c^  are  the  same  differen- 
tial copfficients  of  y.     Since  A(a— A),  A((y— D),  and  Atr  are  very 
small  quantities,  in  the  ejcpressions  for  the  differential  coeffi* 
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cieots  we  may  neglect  the  terms  which  contain  sin.  (a— A)  and 
Bin.  (rf— D)  as  factor?,  and  assume  cos.  (a  — A)  and  cos.  ((^— D) 
as  equal  to  unity.  We  thus  obtain,  by  differentiating  the  val- 
ues o(x  and  p  on  page  271, 


COS.  6         .       .V     ^^*  ^ 
g— —  „   COS.  (a  — A)  =  -: , 

sin.  7T  sm.  n 

^__sjn,  d  sin.  («— A)_>j 

sin.  TT 

^_     OPS,  6  sin,  (g— A)  cos.  7r_ 
'~  sin.*7r  " 

.    COS.  6  8in.  D  sin*  (a— A)     ^ 

Bin,  TT 

,_co3.  (<5-D)_    1 


tang,  n 


sin.  tr 


S^ 


sin. ' 


tang.  TT 

(335.)  Since  now  k  and  A^,  as  also  A(a— A),  A(d— D),  and  Att 
^are  expressed  in  parts  of  radius,  if  we  wish  to  obtain  the  errors 
rttie  elements  in  seconds,  these  differential  coefficients  must  bo 
divided  by  206265.     Let  us,  then,  put 


'206265. n  sin. tt' 
and  we  shall  have 

A  =A  sin.  N  cos.  dA(a— A)+A  cos.  Na{<J— D) 

—  A  COS.  nA7r[x  sin.  ti+t/  cos.  N], 
A'=— A  cos,  N  cos.  dA(a— A)+A  sin.  N4(d-D) 
+  A  cos.  7tAtt[x  cos.  N— ^  sin.  N]. 

If  we  multiply  the  former  equation  by  cos.  -0,  and  the  latter 
by  sin.  i/?,  then  add  the  two  equations  together,  and  divide  by  A, 
we  shall  obtain 

[k+X'  tang.  i^\  ^^^^sin.  (N-t/^)  cos.  dii(a-A) 

+00S.  (N- -0)^(^-0) 
—cos,  nA7T[x  sin,  (N  — ^')+jj^  cos.  (N— '^)]. 

Henoe  we  obtain  fironi  equation  (2),  page  336, 
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w=(-T-|- 


m 


sm.(M-N+V>), 
Sin,  ^ 


-D) 


—A  COS.  ttA 


j^ 


sin.  (N— ii))         .^.        .v 
^^ ^'  008.  6Ma^k) 

COS.  iff 

+h  "««•  (^-v)^(,, 

COS.  -^ 

,  A .  206265  sin.  trA/ 

T ; — — 

COS.  yp 

X  sin.  (N— y')+^  COS.  (N— V*) 


} 


C03.  -0 

(336.)  Every  observation  of  the  instant  of  an  eclipse  furnishes 
cme  equation  of  the  preceding  form,  and  as  this  contains  five  un- 
Icnown  quantities,  five  such  equations  are  sufficient  for  their  de- 
termination. The  magnitudes  A/  and  An  can  not  generally  be 
determined,  unless  observations  are  made  at  places  widely  sep- 
arated from  each  other.  Nevertheless,  the  computation  of  the 
coefficients  will  always  show  what  influence  any  error  in  the 
values  of  TT  and  /  may  have  upon  the  result.  We  therefore  gen- 
erally seek  to  free  the  difference  of  longitado  only  from  the  er- 
rors of  a  and  6 ;  but  the  value  of  Aa  can  not  be  determined  un- 
less w©  know  the  longitude  of  one  of  the  stations  from  the  first 
meridian. 

(337.)  The  it>llowing  is  a  synopsis  of  the  preceding  results: 
Compute  tlie  values  of  e,  A,  D,  and  g-,  also  the  co-ordinates 
ar,  1^,  and  r,  from  the  formulas,  page  277,  with  the  quantities 
t  and  /,  all  of  which  quantities  are  general  for  all  places  on  the 
earth. 

Compute  also  the  following  formulae : 
f=:p  cos.  <j/  sin.  (/i— A), 

fl  —  (>  sin.  if/  cos.  D—p  cos.  0'  sin.  D  cos,  (j^i— A), 

^— p  sin.  ^'  sin.  D+p  cos.  <pf  cos.  D  cos,  (/i— A), 

where  all  the  symbols  have  the  same  signification  as  on  page 

278,  except  /i,  which  here  repre-sents  the  observed  sidereal  time 

of  contact. 

Let  T  represent  the  approximate  time  of  the  first  meridian, 
corresponding  to  the  phase  observed. 

Let  Xq  represent  the  value  of  x  for  the  time  T ; 
Po  represent  the  value  of  y  for  the  time  T ; 
x^  represent  the  hourly  variation  of  x  ; 
y"  represent  the  hourly  variation  of  y. 
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msin.  M=a;o— {> 
m  COS.  M=yo— *7> 

n  sin.  N=a;^, 

ncos.  N=y^, 

sin.  '0=7"  sin.  (M— N). 

Li 

For  the  first  contact,  xj)  must  be  taken  in  the  first  or  fourth 
quadrant ;  for  the  last  contact,  in  the  second  or  third  quadrant. 
^,^_msiD.(M-N+V.)^_m^  (M-N)-tf^l^. 

It  sin. -^  n  ». 

Then 

(.=/-T-r+A  ?MNz:^)  COS.  (JA(a-A) 
cos.  V» 

^^C08.(N-V,)  p 

COS.  %l) 

^^~  *=206265*«siii.,r' 

<=3600=the  number  of  seconds  in  an  hour ; 
^=:  observed  mean  time  of  contact 
(338.)  Example.  On  the  28th  of  July,  1851,  occurred  an 
eclipse  of  the  sun,  which  was  observed  as  follows : 

At  Konigsberg,  Prusna, 

Beginning 3L  38m.  10.8s.  Konigsberg  m.  t. 

Beginning  of  total  darkness  .  4h.  38m.  57.6s.  ^^ 

End  of  total  darkness   ....  4h.  41m.  54.2s.  " 

End 5h.  38m.  32.9s.  " 

At  WatkingUmt  Distriei  of  Columbia. 

Beginning 7h.  21m.  31.2s.  A.M.  Washington  m.  t 

End 8h.  50m.  38.0s.  " 

It  is  required  to  determine  the  error  of  the  tables  and  the 
longitude  of  Washington.  ) 

The  general  co-ordinates  for  this  eclipse  have  already  been  | 

given  on  pages  280  to  285.     Our  first  object  is  to  deduce  the 
error  of  the  tables  from  the  observations  at  Konigsberg.  ' 
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pRiLCTICAL    AaTRONOMY. 


Honoe  we  obtain  the  foUowing  equations  for  Kbnigsberg : 
w  =  lh.  22ra.  4S.20S. -f  1.6809  Aa-  .4118  A*?, 
(J  =  Ik  22m.  46.97s.  + 1,7805  Aa  +  .2681 M, 
4,=lh.  22ra.  44^49.4-1.5677  Aa^l. 1749 A^, 
0=lh.  22m.  38.64s,  +  1.6765Aa^  A2il^6, 
If  we  assume  the  longitude  of  Kbaigsberg  equal  to  Ih.  22m. 
D.Ss.,  we  shall  have 

0  =  47.709.  + 1.6809  Aa-  .4118  ^d, 

0=46.47s.  + 1.7805  Aa+   .2681  Ad, 

0r=4a74s,  + 1.5677  Aa- 1.1749  Ad, 

0:=38.14s.H-L6765Aa^  AMI  Ad, 

These  equations  should  be  solved  by  the  method  of  least 

squares,  explained  in  Art,  239.     Multiplying  each  equation  by 

the  coefficient  of  Aa  in  that  equation,  and  taking  the  sum  of  all 

these  products,  we  obtain 

0^2954297 -hlL2638Aa--2.7844  Ad, 
Multiplying  each  equation  by  the  coefficient  of  Ad  in  that 
equation,  and  taking  the  sum  of  all  these  products,  we  obtain 
0:= -75.1291^2.7844  Aa  4- 1.8102  Ad. 
Solving  these  equations  in  the  usual  manner,  we  find 
Ad=  +1^^87 terror  in  declination^ 
cos,  dAa--25'^77j 
or  the  error  in  right  ascension—  —  27'^26, 

Aa  in  the  above  equations  is  used,  for  the  sake  of  brevity,  in 
place  of  cos,  dAa,     The  error  in  right  ascension  is  multiplied  by 
cos,  d,  to  reduce  it  to  an  arc  of  a  great  circle. 
Computation  for  Washington. 


Assume  T 


p  cos.  4)' 

sin.  {^— A) 

log.  I 


7h.  21m.  31.2s.  m  t. 
3h.  43m.  49.35s.  s,  t. 
55°  57'  20'^2 
^^^38o42'24'^'.7 

a5h, 

-71°  lO'  8''.2 
190  4' 59^7 
9.8917227 
9.9761089W 
9,8678316n 
-.737618 


End. 


8h.  50m.  38,0s,  m.  t 
5h.  13m.  10.79s.  s.t 
780  17/  41-8 

log.  p^ 9.9994302 

2.0h. 

-480  53'  20^^0 
190  4/  g.^o 
9.8917227 
0.8770463;» 
9.7687690II 
-.587177 


LONOITVDE. 
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Befinnintf. 

■■■8nJ.  -"    - 

p  sin,  ^' 

9.7955437 

9.7955437 

COS.  D 

9.9754523 

9.9754892 

log.(l) 

9.7709960 

9.7710329 

p  COS.  <p' 

9.8917227 

9.8917227 

sin.  D 

9.5144703 

9.5141615 

COS.  (;*— A) 

9.6089050 

9.8179099 

-    log.  (2) 

8.9150980 

9.2237941 

i     (1) 

+  .590196 

+.590246 

<2) 

+  .082243 

+  .167415 

(l)-(2)=i, 

+.507953 

+  .422831 

p  sin.  ^' 

9.7955437 

9.7955437 

sin.  D 

9.5144703 

9.5141615 

log.  (3) 

9.3100140 

9.3097052 

p  COS,  fp' 

9.8917227 

9.8917227 

COS,  D 

9.9754523 

9.9754892 

cos,  (/i— A) 

9.5089050 

9.8179099 

log.  (4) 

9.3760600 

9.6851218 

(3) 

+.204180 

+  .204035 

(4) 

+  .237728 

+  .484308 

(3)+(4)=^ 

+.441908 

+  .68S343 

log-< 

9.6453318 

9.8378049 

log.  t 

7.6632448 

7.6632477 

log.  I< 

7.3085766 

7.5010526 

i 

.534242 

.534181 

ii 

.002035 

.003170 

/-i<=L 

.632207 

.531011 

«o 

-1.054056 

-0.199758 

1 

-0.737618 

-0.587177 

a;o-f 

-0.316438 

+0,387419 

j'o 

+0.927049 

+0,802116 

V 

+0.507953 

+0.422831 

Po-n 

+0.419096 

+0.379285 

log.(Xo-0 

9.50O2887i» 

9.5881809 

log-  (Po-n) 

9.6223135 

9.5789657 

tang.  M 

9.8779752« 

0.0092152 

M 

322°  56'  43".5 

450  36'  28".2 

ftin.  M 

9.78001 15» 

9.8540438 

m 

9.7202772 

9.7*41371 
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B^glaiiinf. 

End.                                    H 

^H^ 

+.569487 

+  .569544                           ■ 

^^k. 

.-.083015 

-.083555                           ■ 

^^B 

9.7554838 

9.7555272            ■ 

^^^H 

8.9191566« 

8.9219724»          ■ 

^^^^^B               tang.  N 

0.8363272» 

0.a33554«M          V 

^^^H 

98°  17'  37".2 

98°  20'  45".8 

^^^^H 

9.9954341 

9.9953761 

^^^^H 

9.7600497 

9.7601511 

^^^B 

224"  39^  6".3 

307°  15'  42".4 

^^^H           8iii.(M-N) 

9.8468292n 

9.9008463n 

^^^^^B 

9.7202772 

9.7341371 

^^^^^B               comp.  L 

0.2739194 

0,2748965 

^^^^^H 

9.tt410258n 

9.9098799n 

^^^H 

316°    5'41".3 

234°  21'    4".7        ^^ 

^^^m        M-N+i/* 

180^  44'  47  ".0 

181°  36'  47".l         ^M 

^^^f            sin.  (M^N  +  i/') 

8.11492727J 

8.4494768n     ^W 

^^^^^H 

9.7202772 

9.7341371            ■ 

^^^^B                            n 

0.2399503 

0.23984S9           ■ 

^^^^^H                cosec.  i/j 

0.1589742n 

0.0901201fl          ■ 

^^^H               jf^3600 

3.5563025 

3.5563025           ■ 

^^H 

1.7904314 

2.0698854 

^^^H 

-61.72s. 

-117.46s. 

^^^H 

-5h.  7m.  27.08s. 

-5h.  7m.  24.54s. 

^^H 

142°  11'  55".9 

223°  59'  41".l 

^^^H                      ^:^3600 

3.5563025 

3.5563025 

^^^H          comp.  206265 

4.6855749 

4.6855749 

^^^^^H                          n 

0.2399503 

0.2398489 

^^^^^H 

1.7547617 

1.7545655 

^^^H 

0.2365894 

0.2362918 

^^^H            sin.  (N-V') 

9.7874058 

9.8417300n 

^^^^^p                 sec.  tp 

0.1423731 

0.2344702» 

0.1663C83 

0.3124920 

^^^m           coefficient  of  cos.  6Aa 

+  1.4668 

+  2.0535 

^H. 

0.2365894 

0.2362918           ' 

^^^^           COS.  (N-1^) 

9.8977056n 

9.8569725n 

^^^^^H 

0.1423731 

0.2344702n 

0.2766681« 

0.3277345 

^^^^^V         coefficient  of  Ad 

-1.8909 

+2.1268 

^^^B               Hence  we   obtain    the   following   equations   for  Washings          ■ 

^H                                                                          M 

^^1                        cj^  -5h.  7m.  37.08s, +  1.466S^a-1.8909Ad,                  ^H 

1       1 

LoKOtTUDE. 
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Employing  the  values  of  cos.  dla  and  A(5,  found  on  page  334, 
we  obtain 

ui^^5h.  7m.  27.083- 37.79s.  ^  3.54s.  r^  -5k  8m,    8.41s. 

w=^-5h.  7m.  24.54s.-52.9is.-h3.y8s.^-5b.  8m,  13.47s. 

The  mean  of  the  two  results  is 

4)=-5h.  8m.  10.94s., 
which  is  the  longitude  of  Washingtnn  from  Greenwich,  accord- 
ing to  the  observations  of  the  solar  eclipse  of  July  28,  1851. 
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Section   VIL 

BF.SSEl/a    METHOD    OF    COMPUTING  THE    LO.VGITL^DE    OF  A    PLACE   AND 
THE    ERROR    OF    THE    TABLES    FROM    AJJ    OBSERVED    OCCULTATIO.N, 

(339.)  The  formulas  of  the  preceding  section  are  applicable  tu 

an  occultation  of  a  fi.xed  star,  with  the  modifications  indicated 
in  Art.  295.  The  computation  of  e,  A,  D.  t^,  i,  and  /  \s  dis- 
pensed with,  as  also  z  and  <.  We  must  compute  the  values  of 
X  and  p  from  the  formulae 

__Gos,  6  sin.  (a  — A) 
x*-^~ — . — —- —  ^^ — ^ 

am.  n 

_sin.  (d-D)  cos.'  |(a-A)+8in.  (d  +  B)  sin.^  i(a-A) 
^  sin.  77  ~  ' 

Also  the  values  of  4  and  fj  from  the  forraulaB 
1 23p  COS.  <^'  sin.  (/I  — A), 

q=p  sin.  1^^  cos.  D— p  cos.  ip'  sin.  D  cos.  (ft  — A), 
where  fi  represents  the  observed  sidereal  time  of  immersion  or 
emersion. 

Let  T  represent  the  approximate  time  of  the  first  meridian, 
corresponding  to  the  phase  observed. 

Let  Xq  represent  the  value  of  x  for  the  time  T ; 
Pq  represent  the  value  of  ?/  for  the  time  T ; 
x^  represent  the  hourly  variation  of  x  ; 
tf  represent  the  hourly  variation  of  y. 
m  t*in.  M  — x^o  — ^, 
m  COS.  ^—yo  —  % 
n  sin.  N  —a/, 
»  COS.  N^ry', 
Y 
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sin,  i^  —  'T  sin.  (M  — N), 

fC 

log,  &  =  9.4:353605. 
For  immersion,  t/>  miu^t  be  taken  in  the  first  or  fourth  quad* 
rant ;  for  emersion,  in  tlie  second  or  third  quadrant. 


Then 


n  sm*  y> 


.    ^     ^,  ,  *  sin*  (N— 1^)         -^     ^  ,€^g.  (N^xp). 
(t)  =  t  —  T^T+h ^ Zi  COS.  SAa-^b^^-^ ^Ad, 

COS.  fff  COS.  ^ 

5  =  3B0D  =  the  number  of  seconds  in  an  hour ; 
^:=the  observed  mean  time  of  immersion  or  emersion. 
(340.)  Exampie.  On  the  23d  of  January,  1850,  the  occulta- 
tion  of  a  Tauri  was  observed  as  follows : 
At  Greemmchi  England. 

Immersion .  13h.  32m.  38.668.  Greenwich  m.  L 

Emersion 14k    Im.  24.52s.  '' 

At  CiimbridgCt  MoMsackusettM. 

ImmeTsioo 7h.  14m.  39.05s.  Cambridge  m,  t 

Emersion    .......     8h,  29ra.  50.25s.  '' 

It  is  required  to  determine  the  longitude  of  Cambridge  from 

(ireenwich. 

We  wdl  first  determine  the  error  of  the  tables  according  to  the 

Greenwich  observations.    The  co-ordinates  x  and  y  have  already 

been  given  on  page  294. 

Computation  for  Greenwich, 
<^'=51'^  17' 24^6. 


Imnwrflton. 

Emeralon. 

*.      m.          (. 

h,       m.         §. 

t 

13  32  38.66  m.  t. 

14     1  24.52  111.  t. 

p 

9  44  43.78  s.  t. 

10  13  34.37  «.  t 

A 

4  27  19.54 

4  27  19.54 

F-A 

5  17  24.24 

5  46  14.83 

In  arc 

79'=  21'  3".6 

860  33'  42".45 

Xo 

.503232 

.787997 

Po 

.467948 

.519616 

Xf 

.5939g& 

.593978 

^ 

.107785 

.107762 

■■ 

Longitude. 

339 

1 

Immoiiloii. 

ExaesnAon.                , 

^B 

9.9991134 

9.9991134 

^H            COS.  ^^ 

9.79fjl41(j 

9.7961416 

^H 

^H         8iii*(^  — A) 

9.9924552 

9.9992176 

^^1 

^^H.         '"^g*^ 

9.7S7710:i 

9.7944726 

^H 

^^P 

.613353 

.622978 

^H 

^^^^ 

9.9991134 

^H 

^H             sin.  0' 

9.8923744 

^H 

^^^             COS.  D 

9.9824020 

^H 

■              log-  U) 

9.8737898 

^^1 

^H            p  COS.  ^' 

9.795S550 

9.7952550 

^H 

^H             sin.  D 

9.4456150 

9.4456150 

^H 

^H         COS.  (^(  — A) 

9.2666830 

8.7779489 

^H 

■            log-  {^) 

8.5075530 

8.0188189 

^1 

■ 

.747807 

.747807 

^H 

■ 

.032178 

.010443 

^H 

■         (l)-(^)  =  >} 

.715629 

.737364 

^H 

■                 Xo-^ 

-.110121 

+  .165019 

^H 

^1              ^0-1 

-.247681 

-.217748 

^H 

H      log.  (j;^-^) 

9.0418701m 

9.2175340 

^H 

^H        log- (.'/o-'?) 

9.3938927n 

9.3379542« 

^H 

^H           tang.  M 

9.G479774 

9.8795798» 

^H 

^1               M 

203°  58'  13  ".2 

142°  50'  36".8 

^^1 

^H            sin.  M 

9.6088078ff 

9.7810323 

^H 

^^1 

9-4330623 

9.4365017 

^H 

^H            log.  jf 

9.7737857 

9.7737703 

^H 

■             log-  ^' 

9.0325583 

9.0324656 

^H 

^H           tang.  N 

0.7412274 

0.7413047 

'^^1 

H 

79^  42'  54".8 

79°  43'  1".2 

^H 

^H            sin.  N 

9.9929653 

9.9929678 

^^1 

^H 

9.7808204 

9.7808025 

^^H 

■            M-N 

124°  15'  18  '.4 

63°  7'  35".6 

^^^1 

H        sin.  (M~N) 

9.9172630 

9.9503684 

^H 

^H 

9.4330623 

9.4365017 

^H 

^H           comp.  A: 

0.5646335 

0.5646335 

^H 

^H             sin.  ^ 

9.9149588 

9.9515036 

^H 

^r           V 

55°  18'    7".2 

116°  34  33".5 

^H 

f              M-N+V 

179°  33'  25".6 

179^42'    9".l 

^H 

1           sin.  (M-N+i/>) 

7.8881678 

7.7153218 

^H 

L                      m 

9.4330623 

9.4365017 

^H 

^K            conip.  n 

0.2iyi796 

0.2191975 

^H 

^H            cosec.  i/i 

0.0850412 

0.0484964 

^H 

B           s=3600 

3.5563025 

3.5563025 

^H 

■            log.  T' 

1.1817534 

0.9758199 

^H 

^m^        T' 

-15.20d. 

-9.46s. 

I 
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Immeraiom 

Emersion. 

N-V) 

24°24'47".6 

-36°  51'  32".3 

5=3600 

3.5563025 

3.5563025 

comp.  206265 

4.6855749 

4.6855749 

corap. » 

0.2191796 

0.2191975 

COSeO.  TT 

1.7589910 

1.7588792 

h 

0.2200480 

0.2199541 

sin.  (N-V^) 

9.6162807 

9.7780408» 

sec.  -0 

0.2446963 

0.3493195W 

0.0810250 

0.3473144 

coefficient  of  cos.  dAa 

+  1.2051 

+2.2249 

h 

0.2200480 

0.2199541 

COS.  (N-V^) 

9.9593220 

9.9031521 

sec.  i/; 

0.2446963 

0.3493195» 

0.4240663 

0.4724257» 

coefficient  of  Ad 

+2.6550 

-2.9677 

Hence  we  have  the  two  equations, 

0=  15.20  +  1.205lAa+2.6550Ad, 
0=  9.46 -f  2.2249  Aa-2.9677Ad. 

From  which  we  obtain 

COS.  dAa=- 7^^405, 
Ad= -2^^364. 


Computation  for  Cambridge. 


Immeraion. 

Emersion. 

*.     m.         .. 

A.     m.          a. 

t 

7  14  39.05  m.  t. 

8  29  50.25  m.  t. 

1* 

3  26  28.81  8.  t. 

4  41  52.36  8.  t. 

A 

4  27  19.54 

4  27  19.54 

^-A 

-1    0  50.73 

14  32.82 

In  arc 

-15ol2'40".95 

30  38'  12".3 

Assume  T 

12h. 

13.25h. 

Xo 

-.413936 

+.328553 

Vo 

+.301478 

+.436250 

a/ 

+  .593945 

+  .593997 

y 

+  .107833 

+  .107795 

poos.  <!>' 

9.8691208 

9.8691208 

sax.  (|t— A) 

9.4189320» 

8.8022991 

log.l 

9.2880528» 

8.6714199 

f 

-.194112 

+.046927 

LoifOtTVDE. 

ail 

Ijniiwratvn. 

Emenloa. 

p  sin.  0' 

9.8264412 

COS.  D 

9.9824020 

log.  (1) 

9.8088432 

p  COS.  (ft" 

9.8691208 

9.8691208 

sin,  D 

9.4456150 

9.4456150 

cos*  (;i— A) 

9.9845113 

9.9991246 

log.  (2) 

9.2992471 

9.3138604 

(1) 

+.643937 

+  .643937 

(2) 

+.199181 

+  .205997 

a)-(2)=fl 

+.444756 

+  .437940 

Xo-^ 

-.219824 

+  .281626 

Vo—n 

-.143278 

-.001690 

log.  {Xo-^) 

9.3420751n 

9.4496727 

log-  (yo-'j) 

9.1561795W 

7.2278867/1 

tang.  K 

0.1858956 

2.2217860/1 

M 

236^'  54'  15".5 

90>=»  20'  37".8 

sin.  M 

9.9231195» 

9.9999922 

»1                            ! 

9.4189556 

9.4496805 

log.!' 

9.7737463 

9.7737842 

log.  y' 

9.0327517 

9.0325986 

tang.  N 

0.7409946 

0.7411856 

N 

79°  42'  35 '3 

79"  42'  51".3 

sin.  N 

9.9929578 

9.9929640 

1          « 

9.7807885 

9.780S202 

M-N 

157<»  11'  40  .2 

10°  37'  46".5 

sin.  (M-N) 

9.5883883 

9.2658995 

m 

9.4189556 

9.4496805 

comp.  k 

0.5646335 

0.5646335 

sin.  iff 

9.5719774 

9.2802135 

V' 

21°  54'  54  ".0 

169°    0'35".6 

M-N+V 

179°    6'34".2 

179°  38'  22".l 

lin.  (M-N+^) 

8.1914938 

7.7988132 

m 

9.4189556 

9.4496805 

<5omp. » 

0.2192115 

0.2191798 

cosoo.  ^ 

0.4280226 

0.7197865 

s=3600 

3.5563025 

3.5563025 

log.  T' 

1.8139860 

1.7437625 

T' 

-65.16s. 

-55.439. 

„=f_T-T' 

-4h.  44m.  15.79a. 

-4h.  44m.  14.323. 

N-v- 

57°  47'  41  .3 

-890  17/  44".3 

s=3600           J 

3.5563025 

J.5563025 

oomp.  206265 

4.6855749 

4.6855749 

comp.  n 

0.2192115 

0.2191798 

cosec.  JT 

1.7593527 

1.7590595 
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The  following  recapitulation  of  the  fonnnte  most  freinieEily 
med  in  an  observatory  v^  added  for  canvemenco  of  referents. 

To  compute  (he  corrections  to  be  applied  to  the  observed 
transit  of  a  star,  in  order  to  obtain  the  correct  apparent  right 
ascension.     See  page  73. 

R-K^  —  T-k-dt^a, :+&. i-f- 


oos,  d  *       COS.  6    COS.  6 

By  a  close  circunipokr  star  (see  page  69), 
a—i^  seo.  (p  cot,  rJ- 

By  two  stars  differing  considerably  in  declination  («ae  page 
70), 


a  = 


hf  co»,  6  cos,  6^ 


cos,  <p  sin,  (<J'— *f)" 

R.  A. ^the  apparent  right  ascension  required; 

T  =  the  observed  time  of  transit,  as  shown  by  the  clock  ; 
ri/=^the  correction  for  the  error  of  the  clocks  plus  when  the 

clock  is  too  slow  \ 
i  =the  zenith  distance  of  the  star ; 
d^the  declination  of  star  observed ; 
<J'=:the  declination  of  the  second  star ; 
o=the  deviation  of  the  telescope  in  azimuth,  plus  when 

the  eastern  pivot  deviates  to  the  north  of  ea^t. 
6  =  the  inclination  of  the  axis  of  the  telescope  (see  page  6:1), 

plus  when  the  west  end  of  the  axis  is  too  high  ; 
c:=the  error  in  ooUimstion  (s4?e  page  65),  plus  when  the 

mean  of  the  wires  falla  oti  the  east  side  of  the  optica] 

axis; 

^^the  interval  li»>tWAMr^    rwa  uMiVri'^oilv^   !T?in*»ifs.  ruifiii^,    ^^ 

hourn 

d' =5  the  differ 

Ofr-i- 

ss0— 1}»  if  the  '  M\r 

I JT  =:«!-«,  if  t^' 
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To  find  the  altitude^  azimuth^  and  parallactic  angle  of  a 
star^  its  declination  and  hour  angle  being  given^  as  well  as 
the  latitude  of  the  place.     See  pages  108  and  110. 

tang.  ^=;co6.  P  cot!  <5; 

sin.  6  sin.  (y+<t>) 
COS.  z= \fLJ«22  ; 

COS.  p 

•     /    .  ^\    COS'  ^  COS.  y 
sin.  (y+0)= 


sin.  6 

sin.  y 

cos.  6  sin.  P 

sin.  p = T- . 

^  sin.  z 

A=the  azimuth  of  the  star,  counted  from  the  north ; 

2r=the  zenith  distance  of  the  star ; 

P = the  hour  angle  of  the  star ; 

<J=the  decUnation  of  the  star ; 

^=the  latitude  of  the  place ; 

77= the  parallactic  angle. 

When  only-  p  is  required, 

tang.  a:=oos.  P  cot.  ^; 
__sin.  a;  tang.  P 
^'^■"   cos.  {x+d)  ' 


To  compute  the  distance  between  two  stars  whose  right  aS' 
censions  and  declinations  are  known.     See  page  111. 

cot.  B=cos.  {a—a^)  cot.  6; 
_cos.  {d'—B)  sin.  6 


cos.  a;=- ; — =- 

sm.  B 


a=the  right  ascension  of  one  star ; 
d = its  declination ;       ** 
a'=the  right  ascension  of  the  second  star ; 
d'=its  declination ; 
a:=the  angular  distance  required. 


ReCA?1T17LATI05 


To  compute  the  konr  angle  at  the  pole :  the  latitude  of  the 
place,  the  declination^  aiid  zenith  distance  of  the  sun  or  star 
being  given^     See  page  133. 


— 


sm.  ^  -  '  .;  -  -  - 1  X  sin.  -I 


\Z^4iy  —  6\ 


i_^ 


2       \ 


COS.  ^  oos*  6 


P— the  hoiir  angle  at  the  pole; 
i^=;tho  latitude  of  the  place ; 
d  =  thc  declination  of  the  star ; 
z=tiie  true  zenith  distance  of  the  star. 


I 


To  compute  the  correction  for  the  reduction  to  the  meridian. 
See  page  142. 

_  2  sin.^  ^P  OPS.  ^  cos>  i    /"sin.^  jP  cos.  0  oos,  dy  2  cot*  z 


m  —  — 


ain,  1''  sin. 


'-( 


sm. 


'Y  2  cot.  : 

/    sin.  r 


P==the  hour  angle  at  the  pole,  as  shown  by  a  \vell»regulated 

clock; 
^=:the  latitude  of  the  place ; 
<!  =  t!ie  declination  of  the  star ; 
^  :=:the  meridional  zenith  dl^stance  of  the  star ; 
2:= die  required  correction  in  seconds. 


To  compute  the  latitude  of  a  place  ^  from  observations  of  the 
p(de  star  at  any  lifne  of  the  daij.     See  page  152, 

0  =  H-rf  COS.  P  +  i  sin,  V'(dBV[i.  Yf  tang.  H 
-  i  sin.^  V  (d  cos,  P)  {d  sin.  P)=. 

H  — the  observed  altitude  of  the  star,  corrected  for  refraction  ; 
d=the  apparent  polar  distance  of  the  star,  expressed  in  seconds 

of  arc ; 
P  =  the  hour  angle  of  the  star  firooi  the  meridian  j 
0:::=the  latitudc  required. 


* 
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PRAGTIOAL    ABT«6II0MY. 


To  find  the  altitude  and  hour  amgle  of  a  star  when  it  is 
upon  the  prime  vertical j  together  with  the  latitude  of  the  place. 
See  pages  113  and  157. 

COS.  P=oot  <l>  tang.  6; 

.     sin.  d 
sin.  A=-^ — : 
sm.  ^ 

COS.  A=sin.  P  COS.  6 ; 

sin.  6 
sin.  6=-: — T-: 
sin.  A 

COS.  0=cot.  P  cot  A. 

P= the  hour  angle  of  the  star  at  the  pole ; 
A=tho  altitude  of  the  star ; 
d= the  declination  of  the  star ; 
0=the  latitude  of  the  place. 


To  find  the  longitude  and  latitude  of  a  star  when  its  right 
ascension  and  declination  are  known,  and  vice  versa.  See 
pages.  174  and  176. 

Make  tang.  a=sin.  R.  A.  cot.  Deo. 

tang.  L=sin.  {a+(o)  tang.  R.  A.  cosec.  a, 
tang.  /=cot.  (a+o))  sin.  L, 
sin.  /=cos.  (a+o))  sin.  Deo.  sec.  a, 
sin.  L=tang.  {a+(o)  tang.  /. 

Make  tang.  a=sin.  L  cot.  /• 

tang.  R.  A.=sin.  (a— 6))  tang.  L  ooseo.  a, 
tang.  Deo. = cot.  (a— w)  sin.  R.  A. 
sin.  Dec.=oos.  (a— w)  sin.  /  sec.  a, 
sin.  R.  A. = tang,  (a— w)  tang.  Deo. 

L =th6  longitude  of  the  star ; 
/=the  latitude  of  the  star ; 
R.  A. = the  right  ascension  of  the  star ; 
Dec.  =:the  declination  of  the  star ; 
6)= the  obliquity  of  the  ecliptic. 


BECAPtPVLATION. 
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To  compute  the  longitude y  right  asremian^  anddceHnafion 
of  ike  sun ;  any  one  of  these  quaniities^  together  with  the 
obliquity  of  the  ecliptic ^  being  given.     See  page  178. 


tang.  E.  A.  = 

sin.  R.  A,  — 

tang*  Dec.= 

sin.  Dec.  = 

tang.  Loiig.= 

sin.  Long.  = 
COS.  Long,  = 
C03.  R,  A,  — 


tang.  Long.  cos.  ca ; 
tang.  Dec.  cot.  6> ; 
sin.  R.  A,  taog.  u> ; 
sin.  Long.  sin.  bi ; 
tang.  R.  A. , 

008.  li) 

sin.  Dec.  ^ 

sin.  w 
COS.  R.  4.  COS.  Deo.; 
COS.  Long.  ^ 
COS.  Dec,  ' 


Long.  ^  the  sun's  longitude ; 
R.  A.=the  sun's  right  ascension ; 
Dea  =  th0  sun's  declination ; 

4>=the  obliquity  of  the  ecliptic. 


To  compute  the  correction  in  time^  to  be  applied  to  the 
771  ran  of  the  limes  of  observed  equal  altitudes  of  the  sun,  in 
order  to  obtain  the  time  of  its  meridional  passage.     See  page 

128. 

fj 
dP  =  — (tang.  0  ooaeo*  P— tang,  6  cot  P). 

dp  =  the  increase  of  the  boor  angle  in  time ; 

<A5= increase  of  declination  frotn  the  meridian  to  the  afternoon 

observation ; 

P^hoiir  angle  from  the  meridian,  supposing  no  change  in  dec- 
lination ; 

iJ= declination  of  the  sun  on  the  meridian ; 

0^the  latitude  of  the  place. 


3S0  PRAOTIOAL  ^ASTROlfOMY. 

For  the  Angle  of  the  Vertical, 
tang,  ipf = tang.  ^  x  0.9933254. 

For  the  Radius  of  the  Earth. 


V  OrtH.  ihf 


COS.  <f> 


008.  if/  008.  (^'  —  0) 


For  the  horizontal  Parallax  of  any  Place. 
p=rT. 

For  the  Moon^s  Parallax  in  Altitude. 

1.  sin.  ^=8in.  J9  sin.  (z-\-q), 

o    ,  sin.  p  sin.  z 

2.  tang.  ^=^-   .  ^ . 

i—8in.p  COS.  z 

Q   ^    sin.  p  sin.  z  .  sin.^  o  sin.  2z  .  sin.^  o  sin.  3z  , 

^-  ^=     sm.l-     +      sin.  2-      +      sin.  3-      ■^''"'- 

For  the  Moon's  Parallax  in  Right  Ascension. 
Make  a="°-P^-^; 

COS.  d 

1.  sin.  n=a  sin.  (A+n). 

ox        „       ^  sin-  A 

2.  tang.n=:= r. 

1— ooos.  A 

o   --    o  sin.  A  .  o*  sin.  2A  .  a^  sin.  3A  .       . 

For  Me  Moon^s  Parallax  in  Declination. 

1.  tang.  d-=A-^^-^"^»")  ^  tang.  A 
\  sm.  d      )  sin.  A       ^ 

Make  cot.  hJ^'  <*+*?  °^*-  ^ 
cos.  in 

sin./?  sin. ^^ 

sin.  h 


Recapitulation. 
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2.  sin*  tr=c  sin.  (i  — (J  +  rr). 

r,    .  e  sin.  (6— d) 

3.  tang.  7r  =  :^ ^^— //-S^• 

1— c  COS.  («  — (^) 

.      _ c  sin.  (i - d)    c^  sin.  2(6 -d)     r'  sin.  ;j(A-d) 

^'  ""^"^^TW^       sin.  2-       "^  "^  sTnT3^^~"^'  ^^* 

^or  ^Ae  hourly  Variation  of  Parallax  in  Right  Ascension. 
Au  —  P  ^^*  ^'  ^^^'  ^^^ 

^  009.  6 

For  the  hourly  Variation  of  Parallax  in  Declination, 
dn^p  COS.  0'  sin.  6  sin.  kdL 


For  the  Augmentation  of  the  3Ioon^s  Semi'diameter. 

L  x=A.5^  CDS.  r^+iAV-l- JAV  cos.^z^4-,  etc-, 
where  A =0.0000 1779. 

2.  x=s  sin.  TT  cot  {b—6)  —  i  s  sin.^7r. 

Notation. 

i^^the  geographical  latitude  of  the  place ; 

0^  ^  the  geocentric  latitude  of  the  place ; 

r— the  radiua  of  the  earth,  oorresponding  to  the  latitude  ^; 

z  ~  the  true  zenith  distance  of  the  moon ; 

P^the  moon's  homontal  parallax  at  the  equator ; 

p:=the  homontal  parallax  at  the  place  of  observation ; 

^  =  the  moon's  parallax  in  altitude ; 

d  =^the  true  declination  of  the  moon ; 

d'=the  apparent  declination  of  the  moon  ; 

A=tho  true  hour  angle  at  the  j5oIe  =  the  sidereal  timei  mtnm 
the  moon's  true  right  ascension ; 

A'  =  the  apparent  hour  angle ; 

n^the  moonis  parallax  in  right  ascension ; 

tT==the  parallax  in  declination; 
rfn=the  variation  of  parallax  in  right  ascension; 
rfrr^the  variation  of  parallax  in  declination; 

f  ^  the  true  semi-diamatar  of  the  mooL 
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TRIOONOMETRICAL    FORMULA. 


1. 


7. 


10. 


11. 


12. 


13. 


Valaeaofsiii.  A. 


COS.  A  tang.  A. 

COS.  A 
oot.  A' 

Vl— cos.^A. 

1 

Vl+oot.*A' 

tang.  A 
Vl+tengJT 

2  sin.  ^A  oos.  ^A. 

/I -COS.  2 A 
V 2 

2  tang.  ^A 
l+tang.HA' 

2 

tang.  iA+cot.  iA 

1 

cosecant  A' 

2sm.='(45°  +  iA)-l, 
l-28m.»(45o_iA), 


Valu«8orc<M.  A. 


sin.  A 
tang.  A* 

sin.  A  oot.  A. 

Vl— sin.-^A. 

1 

Vl+tang.^A* 

cot.  A 
Vl+cot^A 

COS.*  iA— sin.^  iA. 
1^2sin.2iA. 
2cos.^iA-l. 


Values  of  tang.  A. 


sin.  A 
COS.  A 

1 

cot.  A* 


\^ 


COS.  2A 


1-tang.^  jA 
l+tang.2  iA 

cot.  i  A— tang.  J  A 
cot.  JA+tang.  JA* 

1 


1 + tang.  A  tang,  i  A 

1 

secant  A' 


V: 


1. 


cos.^  A 

sin.  A 
VI— sin.^  A 

Vl— cos.^  A 
cos.  A 

2  tang.  iA 
l-tang.^iA' 

2  cot.  jA 
cot^iA-l* 


cot.  iA-tang.  JA 
cot  A- 2  cot.  2 A. 

l-cos^2A 
sin.  2A 

sin.  2A 
1+ COS.  2 A' 

/1-cos.  2A 
Vi+cos.  2A 


TeI  GNOME  TRICAL     FoRI^UL^* 
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Relative  to  two  ArcSy  A  and  B. 

Bin  (AH-B)  =  8in,  A  cos*  B-f  cos,  A  sin*  B 
sin.  {A— B)=sin.  A  cos,  B— oos.  A  sin.  B, 
COS.  (A+B)  =  cos.  A  cos  B— sia.  A  sin.  B^ 
COS.  (A— B)  — COS.  A  cos,  B  +  sin.  A  sin.  B^ 

sin.  ( A  +  B)  _  taog;  A  +  tang.  B  _  cot.  B  +  cot,  A 

sin.  ( A — B) "  tang.  A — tang.  B     cot.  B — cot  A* 

C50S.  (Al+B)_cot.  B— tang.  A_oot.  A  — tang,  B 

cos,  (A— B)~cot.  B-f  tang.  A'"cot  A-htang.  B* 

fiin.  A  COS.  B=  J  sin.  {Ah-B)  +  |  sin.  (A  — B), 

COS.  A  sin,  B=i  sin.  (A+B)  — i  sin.  (A  — B), 

sin.  A  sin.  B^J  cos,  (A  — B)  — i  cos.  (A+B> 

C50S.  A  cos»  B=i  COS.  (A-f  B)4-i  cos.  (A— B), 

sin.  A+sin.  B=2  sin.  i(A+  B) .  cos.  i(A— B), 

COS.  A  +  005*  B  =  2  cos.  i(A+B) .  cos.  i(A— B), 

sin.  A— sin.  B  — 2  sin.  i(A— B) .  cos.  i(A+B), 

COS.  B— 008.  A— 2  sin,  J(A  — B).8iii,  J(A+B), 

.      ^         ^       sin.  (A+B) 

tang,  A  +  tang.  B=- ^    ^    ' 

cos,  A  •  COS.  B 

.    .   ,      ,  ^      sin.  (A+B) 
cot.  A+cot.  6=-^ — -r — T — ~f 
sin*  A .  sin,  B 

tang.  A-tang.  B== ^ ^, 

^  ^^         COS.  A .  cos,  B 

.   -        .    .       sin.  (A  — B) 
cot  B— cot  A=-^ — r — ^ — ?^f 

sin.  A .  sm*  B 

sin,  A  +  sin.  B_tang,  i(A+B) 

sin.  A— sin.  B~"tang.  J(A— B)' 

COS.  B+oos,  A_  cot.  j(A+B) 
COS.  B— COS*  A    tang.  i{A— BJf* 
Z 
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Multiple  Arcs. 

sin.  2A=2  sin.  A  cos.  A, 
sin.  3A=2  sin.  2A.  cos.  A— sin.  A, 
sin.  4A=2  sin.  SA.oos.  A— sin.  2A| 
COS.  2A=2  COS.  A  cos.  A— 1, 

=  l-2sin.2A, 
COS.  3A=2  cos.  2A  cos.  A— cos.  A, 
cos.  4A=2  COS.  3A  cos.  A— cos.  2A, 
Jteng^ 
^^  1 -tang.' A' 

tang.  3A=-*5Bgl2Atteng^      . 
^  1-tang.  SAtang.A' 

Jang,3A+tang^ 
^  1-tang.  3A  tang.  A 

Trigonometrical  Series. 

"^-  ^=^-0+2:3^-2. 3. 4%. 6. 7+'  "*"•' 

^-  ^=^-T+273-4-2.3.r.5.6  +  '  '^^' 

.      .  ,  A'  ,  2A*       17A'     ,      ^ 
tang.  A=A+ 3-+_+g^-^+,  etc., 

,   .     1     A      A''         2A» 
ootA=--^-^^-33-^-,eto. 

Differentials  of  Trigonometrical  Lines. 

d  sin.  x=  +C0S.  x  dx» 
d  COS.  x=  —sin.  x  dxj 

rftang.  a;=+ — 5—, 
COS.'*  a: 

a  cot.  a;=  — : — ^r— . 


TABLES. 


TABI.E     I. 


POSITIONS  OF  THE  PRINCIPAL  FOREIGN  OBSERVATORIES. 

Nonli  t&tktudiM  ijid  Wesi  LoQiUuiIes  &re  Indicaled  by  the  Klgii  Hh  ;  Soutb  Latitudca  ftnd  EoKt  Lonfitmlaf 

by  tbe  lign  — . 


Ftoce. 


Abo 

Altona .-*-,*- 

Armagb  ._,. *. 

Athena 

Berlin .._*.... 

Bilk,,,.- 

Boon .-. 

Brealau ._..._ , 

BniBsels  ...*..., 

Cambridge,  EngIiLnd« 

Cape  of  Good  Hope.. 

ChriBtiank . 

Copenhagen  ......_. 

Cracow ,,.. 

Dorpat ,*.. 

Dubhn., 

Dvirham _ . 

Edinburgh ..._. 

Florence , 

Geneva. , . 

Gottingen 

GotUa... ._.--. 

Greenwich 

Hamburgh 

Kasan 

Kdnigsberg  ......,- 

Kremamilnster  .._..* 

Leipaic  ..-..._,. 

Leyden ^-. 

Liverpool ._. 

Madras 

Mannheim _.,..__ 

Markree  ,  _ . , 

Marseilles  .*.,,,. 

Milan 

Modena 

Moscow 

Munich , *.., 

Naplea _ 

OlrautJt  .,- . 

Oxford 

Padua  

Palermo 

Paramatta^  -*..-..,- 

Paris,, 

Peteraburgh  ^ ,..,., . 

Prague  

Pulkowa *.._.. 

Rome 

San  Fernando 

Santiago ,__ 

SenRenberg .... 

Vienna , .... 

Wilna 


LitUtude. 


+  60  26  56. 
+53  3a  45. 

+  54    21     K2. 

+37  58  20. 
+52  So  16. 
+  5i  12  35, 
+5o  43  45. 
+  5i  6  56. 
+5o  5i  lOi 
+53  12  5i. 

—33  56  3. 

+59  54  43. 

+  55  4o  53. 

+5o  3  5o. 

+  58  22  47, 

+53  23  i3. 
+54  46 

+55  57 


+43  46  4o. 
+46  II  5S. 

+5i  3i  4?^ 

+5o  56  5. 
+5i  2d  38, 
+53  33  5. 
+55  47  23. 
+54  4a  5o. 
+48  3  33. 
+  5i 
+5a  9 
+  53  24  47 


20  20 
2S 


+  i3 
+49 
+54 
+43 
+45 
+44 
+55 
+48 
+4o 
+49 

+5i 
+45 
+38 
-33 
+48 
+  59 
+  5o 
+  59 
+4i 
+36 

-33 
+5o 
+48 
+54 


A    9- 

29  12, 

10  3i, 

17  49. 

28  o, 
38  52, 
45  J9, 
8  45. 
5f  46, 

35  4o. 

45  36, 
24  2. 

6  44. 
48  49. 
5o  i3 
56  29, 

5  18. 

46  t8. 
53  54. 
27  45. 

36  35 « 
5  10, 

13  35. 
4o  59. 


Lcmfliude 
in  Time^ 

—  6  37  ao.o 
5  47  57.4 

4  4i  35,7 

—  6  43  6.4 

—  6  I  46. J 

—  5  35  16.1 

—  5  36  35.7 

—  6  16  31 .2 

—  5  25  38.8 
—58  34.7 

—  6  22  7.2 

—  5  5i  6.0 

—  5  58  3o.5 

—  6  28  2.4 

—  6  55  5. a 

—  4  43  49.3 

5  I  53.2 

—  4  55  28.3 
5  53  12.9 

—  5  33  48.9 

—  5  47  57.3 
5  ' 
5 
5 

8 
6 
6 
5 
5 
4 


—  o  27 


5i  6.9 
8  II. 3 
48  4.8 
24  43 
3o  11 
4  44 
57  39 
26  8 
56  It 

— 10  39     8.2 

—  5  4a    3.7 

—  4  34  S3. 8 
^  5  29  4o.a 

—  5  44  57.8 

—  5  5i  55.2 

—  7  38  a8.5 

—  5  54  37.6 
—65  12.1 

—  6  17  11.3 


5     3    8, 

5  55  4o. 

6  1   36. 
8  47  43. 

5  17  3a, 

7  ?  ^^ 

6  5  53 


-79  39. 

—  5  58     5. 

—  4    43    33. 

—  o  35  37. 
-•  6  i4     I* 

—  6  i3  43. 

—  a  49  g3. 


Longllode 

Hmm  Green wicb 

in  Time. 


Longityde 

(Voci  tirtMinwicb 

in  Are. 


39  8.8 
39  46.2 
26  35.5 
34  55.2 
53  34-9 
4.9 
38  24.5 

6  to.o 
17  27.6 

o  23*5 


t3  56, 
4a  54. 
5o  19. 
19  5i. 
46  54. 
35  22.0 
6  18.0 
12  43.0 
45  1.7 

—  o  24  37.7 

—  o  39  46.1 

—  o  43  55.7 
o    o 

—  o  39 

—  3  16 

•^  1  32 


+ 


23  17  It. 4 

9  56  33.3 

6  38  53.5 

23  43  47.8 

i3  33  43.9 

46  i3 

6 

3 

Jt 

5 


6 
7 

^7 
4 
o 


6 

3o 
54 
53 


o 

b 

'i 


o 

53.6 
31.9 
0.4 
56  33.4 
49  38.5 
57.4 
o»i 


13 


20  57 

33  5i 

33  48 

21  29 
36  46 
43  44 
3o  17 
46  26.4 
57  0.9 

9  o.i 


+  a  5  2, 

—  o  47  39 

53  25 

4  6 

9  31. 

I  i3. 

57  42 

I  18. 
49  54. 

24  49. 

43  33. 

5  49. 
5  32. 

4i  II- 


—  o 
— 10 

—  o 

—  2 

—  O 

—  a 

—  o 
+  o 


18  38  59.7 
10  43  4t.4 
12  34  49. S 

19  57  48.6 
26  43  38.4 

+  6  20  3o.o 
+  I  34  3o.o 
+  3  lo  45.0 

—  II  i5  24,9 

—  69  a5.3 

—  9  56  3i,5 

—  10  43  54.9 

000 

—  9  58  23.4 

7 
3o 
8  21.3 

—  13  23   7.5 

—  4  29  31,4 


-49 

—  20 

--  i4 


58.9 
5.4 


+  3  0  1.7 

—  80  i4  i5.o 

—  8  37  5a. 5 

+  8  37  6.0 

—  5  33  i4*8 

—  9  ti  39*6 
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1          1 

11 

i65     , 

It 

2  45 

tt 

9  45 

O.It 

1.65 

0.70 

fo.So 

( 

xa 

180     1 

12 

3     0 

12 

3    0 

O.I3 

1.80 

0,71 

10. 65 

t3 

195 

i3 

3  i5 

i3 

3  i5  ' 

o.i3 

1.95 

0.7a 

10.80 

1 

i4 

210 

i4 

3  3o 

i4 

3  3o 

0.  i4 

2.10 

0.73 

10.95 

i5 

225 

i5 

3  45 

i5 

3  45 

o.i5 

2.25 

0.74 

ii.ro 

i6 

24o 

16 

4    0 

16 

4    0 

0.16 

2.4o 

0.75 

tl.25 

1 

n 

255 

n 

4  i5 

17 

4  i5 

0.17 

3,55 

0.76 

II  .40 

^s 

270    i 

18 

4  3o 

18 

4  3o 

0.18 

2.70 

.0.77 

11.55 

>9 

235 

19 

4  45 

»9 

4  45 

0.19 

2.85 

0.78 

11.70 

90 

3oo 

20 

5    0 

so 

5    0 

0.20 

3«oo 

0.79 

11.85 

21 

3i5 

21 

5  i5 

31 

5  i5 

0.21 

3.i5 

0.80 

12,00 

23 

33o 

22 

5  3o 

32 

5  3o 

0«32 

3.3o 

0,81 

12.  i5 

25 

345 

23 

5  45 

23       1 

6  45 

0,23 

3,45 

0,82 

12. 3o 

t 

24 

36o 

34 

6    0 

a4 

6    0 

0,34 

3.60 

0.83 

12.45 

1 

25 

6  i5 

25 

6  i5 

o.aS 

3.75 

0.84 

13, 60 

1 

26 

6  3o 

a6 

6  3o 

0.26 

3.90 

0.85 

13.75 

97 

6  45 

27 

6  45 

0.27 

4.o5 

0.86 

12.90 

ad 

7     0 

98 

7    « 

o.a8 

4.20 

0^87 

i3,o5 

29 

7  i5 

29 

7  i5 

0.39 

4.35 

0.88 

l3.20 

, 

3o 

7  3o 

3o 

7   3o 

o.3o 

4.5o 

0.89 

i3.35 

3i 

7  45 

3i 

7  45 

o.3i 

4.65 

0.90 

i3.5o 

32 

8     0 

32 

8     0 

0.32 

4.80 

0.91 

i3.65 

33 

8  i5 

33 

8   i5 

0.33 

4,95 

0.92 

i3.8o 

34 

8  3o 

34 

8  3o 

0.34 

5.I0 

0.93 

13.95 

35 

8  45 

35 

8  45 

0.35 

5.25 

0.94 

i4*io 

•  ^ 

36 

9     0 

36 

9     0 

D.36 

5.4o 

0.95 

i4.25 

37 

9  tS 

37 

9  i5 

0.37 

5.55 

0.96 

i4.4o 

38 

9  3o 

38 

9  3o 

0.38 

5.70 

0.97 

14.55 

39 

9  45 

39 

9  45 

0.39 

5.85 

0.98 

14.70 

4o 

10    0 

4o 

10    0 

o.4o 

6.00  1 

0,99 

i4*85 

4i 

49 

10  i5 

4i 

10  i5 

o.4t 

6.i5 

1.00 

i5.oo 

10  3o 

43 

10  3o 

0.43 

6.3o 

43 

to  45 

43 

10  45 

0.43 

6.45 

44 

ti     0 

44 

ji     0 

0.44 

6.60 

45 

II   i5 

45 

II    i5  1 

0.45 

6.75 

46 

II  3o 

46 

J I   3o 

0.4a 

6.90 

47 

11  45 

47 

II   45 

0.47 

7.o5 

48 

49    ' 

12    0 

12  i5 

48 
49    , 

12     0 
12  t5 

0.48 
0.49 

7*  20 
7.35 

Tbcnu.  or 

Time. 

An. 

5o 

12  3o 

5o 

13   3o 

o.5o 

7.5o 

" 

5i 

12    45 

5i 

12  45 

o,5i 

7.65 

O.OOI 

o.oi5 

52 

t3     0 

53 

i3    0 

0.52 

7.80 

.002 

o.o3o 

53 

i3  i5 

53 

i3  i5 

0.53 

7.95 

.Oo3 

0.045 

54 

i3  3o 

54 

i3  3o 

0,54 

8.10 

.oo4 

0.060 

55 

i3  45 

55 

i3  45 

0.55 

8.25 

.oo5 

0.075 

56 

i4    0 

56 

i4    0 

0.56 

8.4o 

.006 

0,090 

57 

i4  i5 

57 

i4  i5 

0.57 

8,55 

.007 

o.io5 

58 

i4  3o 

58 

i4  3o 

0.58 

8.70 

.008 

0.130 

59 

i4  45 

59 

1445 

0.59 

8.85 

.009 

o.i35 

\ 

60 

i5    0 

60 

15    0 

0,60 

9.00 

,010    1 

o.iSo 

1 

k 

1 

r 
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Table    V  IIL— Bessel's 

Refractioks,       ^^^I 

^^H 

Atip>  1     Msttn 
Alt.  1   Reftrmct 

Dlflfer.     ,  „,    . 
ftir  It).     ^*^-  -*■ 

Dim 

M. 

N. 

Ap|i. 
AU. 

Mean 
Reflect. 

Difl: 

L«g,  A. 

M. 

N 

O      D 

34  54.1 

124.9: 
116.9 
toB.B 
1 00. 8 

1.1059 

1.7344 

iO 

0)5   1 6. a 

5.0 

I , 74633 

I .0041 

t.o^ 

^H 

10 

33  49.2 

0.75803 

1 .0952 

1.6767 

io'5  II. 2 

4^8 

4.5 
4.4 
4.3 
4.2 
4.1 
3.9 
3.9 
3.7 
3,7 
3.6 

I . 74670 

I . oo4o 

1.0^ 

^B 

20 

3o  52.3 

I.03346 

I.0B60 

1 .6252 

90 

5     6.4 

i.747i4| 

1 .0039 

i.oS 

^B 

3o 

29     3.5 

1.18228 

9909 
7163 

5464 

4332 

35i6, 
2928! 
b48o 

31  32 

1 .0780 

1.5789 

3o 

5     1.7 

1.74757 

t.oo36 

t.o! 

^H 

4o 

37  22.7 

93.9 
85.3 

I. 28137 

1 .0710 

1.5373 

4o 

4  57.2 

1.74799 

1 .oq37 

i.o2 

^H 

5o 

aS  49.8 

I.35300 

I.0648 

1.4995 

5o 

4  53.8 

1.74839 

1 ,oo36 

i.oS 

^H 

I       O 

a4  34.6 

1.40764 

1.0593 

1.4653 

M 

0 

4  48.5 

i.7487<^ 

i-oo35 

I.O^ 

^H 

ro 

23     6»7 

77-9 

r.45o86 

i,o546 

1.4341 

10 

4  44*3 

1.74912 

1 .00 34 

i.o; 

^H 

20 

21  55»6 

71.1 

64.7 
59.0 
53.9 

49.4 
45.6 
42.3 

i.486oa 

I,o5o5 

i.4o57 

ao 

4  4o.2 

1.7494? 

1.0033 

i.o5 

^1 

3o 

20  50.9 

i.5i53o 

I.0465 

1.3797 

3o 

4  36.3 

t. 74981 

I .oo32 

1,0: 

^H 

4o 

19  51.9 

1.54010 

1 .0439 

1.3560 

4o 

4  32.4 

t.75oi3 

i.oo3i 

i.o; 

1 

5o 

18  58. 0 

I. 56^42 

1 853 
1623 

r.o397 

1.3342 

5n 

4  38.7 

t, 75043 

I , oo3o 

1 .0: 

2      O 

18     b.*> 

1.57995 

1.0368 

i.3i4i 

13 

o4  25.0 

1 .75072 

1 .  fKj3o 

I  .OS 

^1 

to 

17  33.0 

1.59618 

1433 

1.0342 

1.2955 

10  4  31 .4 

3.4 

1 .75101 

I .0029 

I  .02 

^H 

20 

16  40.7 

39.8 
37.5 
35.6 

i.6io4i 

1237 

1075 

933 

828 

i.o3i8 

1.2783 

204  18.0 

3.4 
3,3 

1.75129 

1 . 0028 

I  .OS 

^H 

3o 

16     0.9 

1.62278 

I , 0398 

I .3634 

304  1 4. 6 

1.75155 

1 .0027 

I. OS 

^H 

4oi5  23.4 

1.63353 

1 ,0378 

I. 2477 

4o4  11-3 

3.3 

1.75180 

1 .0027 

1  .OS 

^1 

5o 

i4  47.8 

33.3 

1.64286 

[ ,0361 

t.334i 

5oJ4    8,0 

3.1 

1 .75305 

1 .0026 

1.0s 

^H 

3    o 

i4  14.6 

30.9 
28.7 
26,71 
24,6 
23,0 

i,65ii4 

755 
691 
644 

I . 0244 

I  .32l5, 

1 3 

o4    4.9 

3.1 

t .75339 

1 .0026 

1.0s 

H 

lo 

i3  43.7 

1.65869 

i .o2  3o 

I , 3098 

to4    1.8 

3.0 

1.75352 

I .0036 

t.os 

^H 

20 

1 3  i5.o 

i,6656o 

1 .0216 

1.1989 

20  3  58.8 

3.9 
2.9 

3.8 

1.75374 

I ,0025 

1.0s 

^H 

3o 

IS  48.3 

I .67204 

609 
570 
525 
476 

432 

I ,0304 

I. 1888 

3o3  55.9 

1 .75295 

I .0024 

1,0s 

^m 

4o 

12  23. 7 

1. 678 1 3 

I .0193 

I. I  794 

4o3  53.0 

I. 75316 

1 .0034 

1.09 

1 

5o 

1 2     0,7 

21.8 

30»  6 

1.68383 

I .0182 

I , 1706 

5o  3  5o.2 

3.8 
2.7 
2.6 

1.75336 

J  *0023 

1 .02 

4    o 

II    38*y 

I . 68908 

1 .0173 

I . 1624 

14 

0  J  47.4 

1.75355 

I.  OS 

^H 

IQ 

11     18.3 

»9-7 
19.0 

18.4 

1.69384 

1.0163 

I.1549 

10  3  44.7 

I  .75373 

I. OS 

^H 

30 

Id  58.6 

1.69816 

373 

3i7 
267 
248 

I. 01 55 

i,i47«' 

2oj3  43.1 

3.6 

I. 75391 

I  .OS 

^H 

3o 

S9  39. G 

1.70188 

I, 0147 

i.i4o8 

3o'3   39.5 

3.5 

1.75408 

t.oa 

^1 

4o! 

10  21 .3 

I . 7o5o5 

I . 0 I 4o 

i.i34d 

4o 

3  37.0 

2.5 

1.75425 

1,0s 

^1 

5o 

to     3.3 

^7-9 
16.8 

n 7^773 

I. 01 33 

1.1283 

5o 

3  34.5 

2.4 

1.75441 

t.09 

^H 

5    o 

9  46.5 

i5.6 

I .71020 

259 
243 

1.0127 

1 ,1230 
I. 1178 

i5 

0 

3  3a,i 

1 3. 5 

1.75457 

I.OZ 

^H 

lo 

9  30.9 

14.9 
i4.t 
i3.5 
12.8 

12.3 

11.7 

f  t    T 

1.71279 

I .OI2I 

16 

3  18.6 

13. 0 

1.75543 

t  .01 

I 

20 

3o 

9  16.0 
9     '-9 

t .71532 
t. 71749 

227 

213 

I .oii5 
t .01 10 

i.ii3o 

I. 1082 

«7 
t8 

3     6.6 
2  55.8 

10.8 

9*7 

8.8 

i.756i5 
1.75675 

I  .Ol 
t.OI 

^H 

4o 

8  48.4 

1,71961 

199 

186 
173 

1 62 

I .oio5 

I.I036 

J9 

'2  46.1 

J .75726 

1.01 

1 

5o 

8  35.6 

I .72160 

i , 0 1 00 

I .0992 

20 

2  37,3 

8.0 
7.4 
6.7 
6  3 

1.76771 

1. 01 

S     o 

8  ai,.i 

1.73346 

t  . 0096 

I .0951 

21 

2  29.3 

1 .75809 

t.ot 

^^^^B 

Lio, 

8  ti.6 

1.725 1 9 

I .0092 

I .0914 
r.0879 

32 

|2    21.9 

1.75842 

t.oc 

^^^^^H| 

l/flO 

8     0.3 

1 1 .  tj 
10.8 
10.3 

1.72681 

142 

]3i 

1.0088 

s3 

3  i5.a 

I. 75871 

t.oc 

^^^^^ 

3o 

7  49.5 

t. 72832 

I. 00 34 

t.o846 

34 

2     8.9 

5^7 
5,4 
5.0 

1.75897 

I.OC 

^M 

4o 

7  39.3 

1.72974 

I .0081 

i,o8i5 

35 

3      3.2 

1.75919 

l.OC 

^M 

So 

7  29,1* 

1 0 1 0 

9.5; 

1.73105 

124 
ttS 

1.0078 

1.0784 

36 

I   57.8 

t. 75939 

t.oc 

^m 

7    0 

7  »9-7 

1.73329 

t .0075 

1.0754 

37 

1  53.8 

4.6 
4.4 
4.1 

1.75957 

l.OC 

^m 

lo 

7  10.5 

9.2 

8.8 
8.4 

1.73347 

112 

1.0073 

1*0735 

38 

I  48.3 

1.75973 

I.OC 

^m 

30 

7     1-7 

1.73459 

io5 

I .0070 

1.0697 

39 

I  43.8 

1.75988 

1  .oc 

^B 

3o 

6  53.3 

1.73564 

I .0067 

I. 0671 

3o 

I  39.7 

^    n 

I .76001 

1  .oc 

^B 

4o 

6  45.1 

1,73663 

99 
94 

88 
83 

1.00 65 

I.0646 

3t 

I   35.8 

J. 9 
3.7 

3,4 
3.3 

I ,76012 

I.OC 

I 

5o 

6  37.2 

7.9 
7.3 

1.73757 

1 .006^ 

I .0633 

32 

ll    33.1 

1.76023 

l.OC 

a    o 

6  29.6 

1 . 73845 

1 .0060 

I . 0600 

33 

t  28.7 

I .76033 

l.OC 

^H 

10 

6  21.3 

!• 73928 

i.oo58 

1.0579 

34 

I  35.4' 

3.1 
3.0 
2.8 
2.7 
0  f^ 

1 ,76042 

l.OC 

^1 

so 

6  i5.3 

7-1 
6.8, 
6.6 
6.4 

A      T 

I . 74007 

;? 

I .oo56 

1.0559 

35 

I    23.3 

I .76060 

I.OC 

^H 

3o 

6     8.4 

1.74083 

t .oo54 

I .o54o 

36 

t   19.3 

1.76058 

l.OC 

1 

4o 
5o 

6     1.8 
5  55.4 

r.74i55 
1.74333 

7a 

68 

65 

64 
5^5 

z.ooSa 
t .ooSo 

i.o523 
i,o5o8 

37 
38 

I   16.5 
I   i3.8 

I .76065 
1.76071 

t.oc 

l.OC 

^H 

9    ^ 

5  49.3 

6  0' 

1.74288 

1.0049 

t.0493 

39 

t     it  .3 

it  *\j 

3.5 
3.4 
2.3 

t. 76077 

I.OC 

^H 

lo 

5  43.3 

5.6 
5.5 
5.3 
5.1 

1.74352 

1.0047 

1.0479 

4o 

1       8.7 

1.76082 

I.OC 

^H 

20 

5  37.6 

I. 74412 

56 
53 
5a 
5o 

t .0046 

1.0466 

4i 

I     6.3 

I ,76087 

I.OC 

^B 

3o 

5  32.0 

1.74468 

t,oo45 

I, 0454 

43 

I    4.0 

I ,76092 

I  .oc 

^H 

4o 

5  36.5 

1*74521 

1.0043 

i.o443 

43 

!       1.8 

8.3 

I , 76096 

1  .oc 

L 

5o 

L 

5  31.3 

1,74573 

I ,0042 

t,o43i 

44 
■ 

■ 

0  59.7 

3.1 
2.0 

1.76100 

t  .oc 

w 

"^H 
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XIhT 

nuT. 

Lof.  A. 

Faclpr  U^  dopcndinK  on  tbe 
Qjtrometcr, 

f%elQT  T,  ile{i0ndtncoti  iIm  exuimal  TIHiilMillilil 
FohrenticU. 

1 

45 
46 

57-7 
55.7 

3.0 
1.9 
1 .  f\ 

I .76104 
1.76107 

V-\     B- 

Log.  D. 

FRbr 

T. 

^■■'-  f^: 

T,          Lo«,T. 

■ 

1     ° 

4? 

53.8 

i«76tti 

37.9 

0.943 

— 0.03564 

— ao 

i.i56 

+0,06379 

^   38 

i.oaa  +0.0093^ 
1,019  +0,00837 

■ 

48 

51.9!;:? 

U76114 

2H.a 

0.946 

— 0.03409 

'9 

i,i53 

+0,06181 

1   39 

■ 

49 

5o.3 

1,8 

1.76117 

28.1 

0.949 

— o.oaa54 

18 

i,i5o 

+0,0608  3 

4o 

1 .017  -|-o. 00750 

5o 

4S.4 

'*7 
t.G 

t ,761 19 

28.2 

0.953 

—0.02099 

17 

i,i48 

+0.05985 

4t 

1. 01 5  +0.00664 

5i 

46.7 

I .76122 

38.3 

0.956 

—0.01946 

16 

1.145 

+0.05887 

42 

1.013+0.00578 

52 

45.1 

i.G 

I .76124 

38.4 
38.5 

0.960 

^0,01793 

i5 

i.i43 

+0.05790 

43 

1 .011  +0.00492 

S3 

43.5 

1 .6 

1 .76126 

0.963 

— o.oi64o 

i4 

t  .i4o 

+0.05693 

ff 

1 .009  +o.oo4o6 

54 

4i  .9' 

1.5 

I ,76128 

28.6 

0.966 

—0.01488 

13 

i.i38 

+0.05596 

45 

1 ,007  +o.oo3ao 

55 

4o.4 

1.5 

1.761 3o 

28.7 

0.970 

— 0.01336 

12 

1.135 

+o.o55oo 

46 

i,oo5 

+0.00334 

56 

38. 91 

1.4' 
1.4' 
1.4 
lU 
1 ,3 

1.76,32 

28.8 

0.973 

— o.oii85 

ti 

1.1 32 

+o,o54o3 

47 

i,oo3 

+0,00149 

5? 

37.5 

1.761J4 

28.9 

0.976  — 0.0I035 

10 

i.iio 

+0.05307 

48 

t  .f>oi 

+0.00064 

58 

36.1 

1,76136 

29.0 

0.980—0.00885 

t 

1,128 

+o.o52ii 

49 

1 ,000 

— 0.00021 

^9 

34.7 

I.76i3« 

29.1 

0.983 

—0,00735 

i.ia5 

+o.o5ti5 

5o 

0.998 

^0.00106 

6a 

33.3 

1.76139 

29.3 

0.987 

— o.oo586 

1 

1.133 

+o.o5o2o 

5i 

0.996 

— 0.00191 

6i 

32. 0 

1 ,3 

I •76140 

29.3 

0.990 

— O.0O436 

6 

I  .  1 30 

+0.04924 

5a 

0.994 

— 0,00275 

6a 

30.7 

i[z 

I. 76142 

29.4 

0.993 

— 0.00290 

5 

I.I  18 

+0,04829 

53 

Q.992 

— o.oo36o 

63 

20.4 

38.3 

1.76143 

39.5 

0.997 

— 0.00142 

4 

I.II5 

+0.04734 

54 

0.950 
0.988 

—0.00444 

64 

1 1 2 

1.3 

1.76x44 

39.6 

1*000 

+o.oooo5 

3 

i.ii3 

+0 .  o464o 

55 

— o.oo5a8 

65 

16.9 

t. 76145 

39,7 

i.oo3 

+o.ooi5i 

2 

1 ,  110 

+0.04545 

56 

0.986 

—0.00612 

66 

35.7 

1.3 

1  a 

1.76x46 

29.6 

1.007 

+0.00297 

—  I 

1.108 

+0.0445 1 

57 

0.984 

—0.00698 

u 

34.5 

1.76147 

29.9 

I.OIO 

+0.00443 

0 

1 .  106 

+0.04357 

58 

0,982 

— 0.00780 

33.3 

1.3 

t.t 

I. 76148 

3o.o 

r.oi4!+o.oo588 

+   I 

i,io3 

+0.04263 

59 

0.9S0 

—o,  00863 

69 

32.3 

t.7614'^ 

3o,i 

1.017  +0,00733 

2 

t  .101 

+o.o4i6g 

6a 

0,978^ — u.  00946 

70 

21.0 

I  .3 

1,76149 

3o.2 

t  *oao 

+0,00876 

3 

1,098 

+0.04076 

61 

0.977  — 0.01039 

71 

19.9 

t  .  I 

I. 76150 

3o.3 

1,034 

+c>.oioao 

4 

1,0961 

+0.03983 

63 

0.975 

— 0.01XI2 

73 

r8.8 

I  .  I 

i,76i5o 

3o.4 

1.027 

+0.01163 

5 

1.094 

+0.03889 

63 

0.973 

—0.01195 

- 

73 

'7-7 

I  ,  1 

1 .76151 

30.5 

i.o3i 

+o.oi3o6i 

6 

1. 091 
t .  089 

+0.03796 

64 

0,971 

— 0.01278 

74 

£6.6 

I  .  I 

1.76151 

I0.6 

i.o34 

+O.OI448 

7 

+0.03704 

65 

0 .  969 

— o.oi36o 

75 

i5.5 

1  .  I 

5.3 
5.t 

5,1 

I. 76152 

30.7 

1.037 

-|-o. 01589 

8 

1.087 

+o.o36ii 

66 

0.967 

—0.01443 

do 

10. a 

1,76154 

3o.8 

i.o4i 

+0.01731 

9 

1.084 

+o.o35i9 

67 

0.965 

— o.oi5a5 

85 

5.1 

1.76156 

30,9 

t.o44 

+0.01871 

to 

1. 08a 

-f-o,o34a7 

68 

0.964 

—0,01607 

90 

0.0 

I.76t56 

3i.o  I  .o47l+Oi030ia| 

U 

12 

X 1 080 
1*078 

+o,o3335 
+0, 03343 

69 

70 

0.962 
0 .  960 

— 0,01689 
— 0,01770 

j 

i3 

1.075  +o,o3i53] 

7t 

0.956  — o.oiSSa 

i4 

1 .073 

+o.o3o6o 

72 

0.956  —0,01933 

i5 

1.071 

+0 .  03960 
+0,03878 
+0,03787 

73 

0.955 

— 0.030X5 

16 

t.069 
t.o66 

74 

75 

0.953 

— 0.02096 

Fmiot  t,  depending  oa  the  attactuMl  THrrmoriuMtrf . 

17 

0,951  — 0,02177 

Fabmnheit. 

18 
19 

i.o64 
1 .063 

-1-0.03697 
+0,02606 

76 
77 

0.949' — ^0,02357 
o.94b|— 0.03338 

Filir. 

Ft. 

Lof .  L 

D«r- 

1. 

Lof.f. 

Dqj. 

1- 

20 
ai 

1.060 
t.o57 

+o.oa5i4 
+o.oa4a6 

78 
79 

0.9461 — ^0.02419 
o.944j — 0.02499 

0 

0 

— ao 

i.oo5  H 

-0,00203 

40| 

0,999 

— o.ooo3i| 

23 

i.o55 

+0, 02336 

80 

0.943 — o.oa579 
0.941 — 0.03659 

— 15 

i,oo4  H 

-0.00x8: 

45 

0.990 

0.998 

— o.ooo5o 

33 

t,o53 

+0.  03347 

81 

— 10 

1.004  H 

-o»ooi6^ 

5o 

— 0*00070 

24 

i.o5i 

+0.03157 

83 

0.939 — 0.03738 

—  5 

I.003H 
I.003H 
l.oo3  H 
t .  00a  -| 
I. 003  H 
t.ooi  H 
I.OOt  -| 

1. 000  H 

I , 000  - 

-o.ooi4^ 
-0.001 25 
-o.ooioS 
-0,00086 
-0.00066 
-0,00047 
-0. 00037 
-0.00008 

-0.000 IT 

55 
60 
65 
70 

75 
80 
85 
90 
95 

0*998 

—0*00089 

35 

1-049 

4-0. 02068 

83 

0.937! — 0.02819 

► 

0 

+  5 

+  10 

+30 
+35 

+  3o 
+35 

0.997^ 
0.997 
0.997 
0.996^ 
0,996 
0-995 
0,995 
0,994 

^— 0  *OOIOQ 

0.00128 

—  0.00148 

0.00167 

0.00186 

— o.ooao5 
— o.oo3a5 
—0 .  ooa44 

36 
27 
28 
29 

3o 

3i 

33 

33 

1.047 
i.o44 
t.o43 
t.o4o 
i.o38 
i.o36 
t,o34 
1  ,o33 

+0,01979 
+0.01890 
+0.01801 
+0,01713 
+0.01634 
+0.0x536 
-(-O.OI448 
+o.oi36o 
+0.01273 

84 
85 
66 
67 
88 
69 

90 
91 
9a 

0.935 
0.934 
0.933 
0.930 
0.929 
0  927 
0.925 
0.924 
0.933 

— 0.02898 
—0.03978 
— o.o3o57 
— o.o3i36 
— o.o33i6 
— 0.03394 
—0,03373 
— 0.03452 
— o.o353o 

- 

liOg.  Hefractinn=iog,  cotang.  App.  AH.+log.  A^ 
+M(log.  B+log.  0+N  log.  T.           1 

34 

t*o3o 

35 

i*oa8 

-f-o.oii85 

93 

0.920 

— 0.03609 

■ 

> 

36 

t.os6 

+0.01098 

94 

0.919 — 0.03687 

■ 

1 

True  Re&aotion=:Meaii  RefractionXBX/XT, 

+37 

t.os4 

+0.01011 

95 

0.917! — 0.03765 

I 

I 

^K          Jt66      Table   IX. — Coefficieitts  op  the    Eujiurs   of  the 

N.P.D,]  AzLmutii.  |  Pllf. 

Levet     1  Dtm  |    Collim, 

?^,RD.I  Aximutb.  1  DlfT.  |     Le^el.     |  DUT.  [    ColMin.    |  B 

l4o 

+  1.555 

,o33 

+o.o3o 

+  1.556 

80 

+0.491 

,oi4 
.oi5 
.014 
.oi4 
.oi5 
.014 
.oi5 
.oi5 
.oi5 
.oi5 
.016 
.  016 

+  0.889 

*Ot  I 

+  i.oi5 

139 

+  1,523 

.o3 1 

+o.o56 

.025 

+  1.524 

79 

+  0.477 

+  0.900 

+  1 

019 

.  0 
.0 

i38 

+  1.492 

+0.081 

[024 
.033 

+  1.494 

,    7^ 

+  0.462 

+  0.912 

*' 

+  1 

.023 

i37 
t36 

+  1.463 
+  1.434 

.029 
.039 
.038 

+  o.io5 
+0.128 

+  1.466 
+  r.44o 

77 
7^ 

+0.448 
+0.434 

+  0.923 
+  0,935 

>  01  I 

.012 

+  1 
+  1 

.026 

o3i 

.0 
.0 

t3S 

+  i.4o6 

+0.1 5o 

•  032 

+  1.414 

75 

+0.419 

+  0.947: 

■  01  2 

+  1 

o35 

«o 

1 34 

+  1.379, 

.027 
.035 
.oa5 
.025 

.033 
.023 

+0.172 

.023 
,021 

+  1.390 

74 

+o.4o5 

+  0.958 

.Oil 

+  1 

o4o 

•  0 

t33 

+  1.354 

+0.193 

+  1.367 

73 

+0.390 

+  0.970 

.012 

+  1 

o46 

' 

l32 

+  1.329 

+  0.2l3 

' 

+  1-346 

72 

+0.375 

+  0.982 

#012 

+  1 

o5i 

' 

i3i 

+  l.3o4 

+  0.233 

.019 

+  1.335 

71 

+0.3  60 

+  0.9941 

.01 2 

.01 3 
.012 

.01 3 

+  ^ 

o58 

•  0 

i3o 
129 

+  i.a^i 
+  1.258 

+  0.231 
+  0.270 

.019 
.019 
.018 

+  i.3o5 
+1-287 

70 
69 

+0.345 
+0,329 

+  1,007 
+  1.019 

+  1 
+  1 

064 
071 

.0 

.0 

12S 
127 

+  i.236i 

+  1.3l4l 

.  022 

+0.388 

+o.3o5 

.017 

+  1-3G9 

+  1.25. 

6S 
67 

+o.3i3 
+0.29& 

!oi5 

+  I.032 

+  f.o45 

.oi3 
.01 3 

.oi3 
.oi4 
.oi3 
.oi4 
.014 
.oi5 

+  1 
+  1 

079 
086 

.0 

126 

125 

124 

123 
122 
121 

+1.193 
+1.173 

+  i,i53 
+  I.133! 
+  1.U4 
+  i.m>6i 

.02 1 
.020 
.020 

,020 
,019 
.018 
.019 
.018 
.017 
.018 

+0.322 
+  0.339 
+  0.355 
+  0.371 

+0.386 
+o*4oi 

.017 
.017 
.016 
.016 

.oi5 
,oi5 
.oi5 
.014 
.014 
.014 
.oi4 
.oi4 
.oi3 
,oi3 

+  1-236 
+1 .221 
+1  .ao6 
+  1.192 

+  1-179 
+  1.167 

66 
65 
64 
63 
62 
6t 

+0.281 
+0.265 
+0.248 
+0.23 1 
+0.214 
+0.196 

.017 
.016 
.017 
.017 
.017 
.018 
.017 

+  r.o58' 
+  1.071 
+  1.085 
+  1.098 
+  1.112 
+  1.126 

+  1 
+  1 
+  t 
+  t 
+  1 
+1 

095 
iu3 
ii3 

122 

133 
i43 

.0 

•  0 
.0 
«o 

.0 

.0 
.0 

.0 
.0 

0 

120 

+  I.a77 

+0.416 

+1.155 

60 

+0.179 

+  1.141 

+  < 

i55 

;;i 

+  1.059: 
+  1.043 

+0.430 
+0.444 

+  1.143 
+  1.133 

59 
58 

+0,160 
+o.t42 

.019 
.018 

+  I.I56 
+  1.171 

,  iJ  1  J 

,oi5 
.oi5 

+  1 
+  1 

167 
179 

It? 

+  1.034 

+0.458 

+  1.132 

57 

+0.122 

,030 

+  1,186 

+  r 

192 

0 

ii5 
it4 

+  1.007! 
+0.991 
+  ^•974 

.017 
.016 

017 

+0.473 
+0.486 
+0.499 

+  I.M3 

+  i,io3 
+  1.095 

56 
55 
54 

+  O.I03 

+o.o83 
+0.063 

.019 
.020 
.oai 

+  1 ,203 
+  1.218 
+  1.234 

,016 
.016 
.018 

+  1 
+  1 
+  1 

206 
221 
236 

,0 
.0 

ii3 

113 

+0.953 
+  0.942 

.016 
.oi5 
.ot6 
.oi5 
.oi5 
.oi5 
.oi5 
.oi5 
.oi4 
.oi4 
.oi5 
.014 
.01 4 
.oi4 
.oi4 
.014 

+o,5ia 
+0.525 

.oj3 

+  i,o86 
+  1.079 

53 

52 

+o.o4i 
+0.020 

( 03 1 

.02i 

+  1.252 
+  1.269 

.017 
.018 
.018 
.019 

+  1 
+  1 

aSa 
269 

.0 

.0 

Ml      +0,927! 

+0.537 

.  012 
.oi3 
.012 

+  1.071 

5i 

— 0 . 002 

.  033 

.033 

.024 
.024 
.035 
.026 
.026 
.028 

+  1.387 

+  1 

387 

-0 

no 
109 

+  0.911 
+0.896 
+0.881 
+0.866 

+0.550 
+0.562 

+  i,o64 
+  I-056 

5o 
^9 

— 0.025 

— 0.049 

+  i.3o5 
+  1,324 

+  1 
+  1 

3o5 
325 

■  O 

*o 

108 
1*07 

+0.574 
+o,586 

*  012 

.013 

.oi3 

+i.o5i 
+  i,o46 

48 
47 

—0.073 
— 0 , 098 

+  1.344 
+  1.364 

,  020 
.020 

+  1 
+  1 

346 
367 

«o 
.0 

»io6 

+0.85I 

+0*599 

+  i.o4o 

46 

—0*124 

+  1.385 

.03 1 1 

+  1 

390; 

•  0 

io5 

+0.836 

+0.610 

.011 

+  I.035 

45 

— 0.1 5o 

+  1.406 

.02 1 

+  1 

4i4 

•  G 

to4 

+0.832 

+0.G22 

*OI2 

+  1  .o3i 

44 

—0.178 

+  i.4a8 

•  022 
.024 
,024 

+  1 

440 

«G 

io3 

+0.808 

+0.633 

♦  01  I 

+  1  -026 

43 

— 0.307 

.039 

.o3o 
.o3o 
.o33 
.033 
.o35 

+1.452, 

+  1 

.466 

.0 

1 03 

+0.793 

+0,645 

*  0 1  2 

+  1 .022 

4a 

—0,337 

+  1.476 

+  1 

494 

•  G 

lOI 

+0.779 

+o»656 

.Oil 
.012 

+  1-019 

4i 

—0.267 

+  I.50I 

i  US  J 
.026 

+  t 

534 

.0 
.0 

100 

+0.765 

+0.668 

+  1.0I5 

4o 

— o,3oo 

+  1,527 

+  1 

556 

99 

+0.751 

+0.679 

.  01 1 

+  1-012 

39 

—0,333 

+  1.554 

.027 
.028 

+  1 

589 

.0 
.0 

93 

+0.737 

+0.690 

•  Oil 

+  i.oto 

38 

--0.368 

.037 
.o38 

+  1.582 

.o3o 

+  1 

.624 

97 

+0.733 

+0.701 

.01  i 
.oil 

+1.008 

3? 

-^o.4o5 

+  1.O12 

.o3i 

+  1 

.663 

' 

96 

+0.710 

.oi4 
.oi4 
,01 3 
.oi4 
.ot4 
.013 
.oi4 
.oi3 
.014 
.0x4 
.oi3 
.ot4 
.ot4 
,oi3 
.oi4 

+0.712 

+ 1 .  006 

36 

-0.443 

.o4i 
.042 
.045 
.047 
.049 
.053 
.  o56 

+  1.643 

,o32 
.034 
.036 
.o3S 

+  1 

701 

' 

95 

94 

+0.696 
+0.682 

+0.723 
+0.734 

.oil 
.011 

+ I . oo4 
+1  -002 

35 
34 

— 0.484 
— 0*526 

+  1.675 
+  1.709 

+  1 
+  1 

.743 
.788 

.0 
.0 
.0 

93 

+0.669 
+0.655 

+0.745 

»oi  1 

+  1 .001 

33 

—0.571 

+  1.745 

+  t 

.836 

Q 

93 

+0.756 

.oil 

+  1 .001 

32 

— 0.61S 

+  1.783 

.o4o 
.043 
.045 
.o48 
.o53 
.o55 

+  t 

887 

9' 

+o:64i 

+0.767 

« ol  I 
tOIl 

+  1 .000 

3i 

— 0.G67 

+  1.S33 

+  1 

943 

.0 

.0 

Q, 

90 

+  O.02iJ 

+0.778 

+  t  -000 

3o 

— 0.720 

+  1.866 

+a 

>OO0 

89 

+o.6j4 

+0*789 

1  01  1 

+ 1  - 000 

29 

—0.776 

+  1.911 

+2 

o63 

iO 

I 

88 

+0.601 
+0.587 

+0.800 
+0.811 

•  Oil 

.oil 

01  I 

+  l-oot 
+  1 .001! 

38 
37 

— o,836 
— 0.900 

*o64 
,068 

+  1,959 
+2,011 

+2 
+2 

i3o 

203 

.0 

»0 

86 

85 

+0.573 
+0.560 

+0.832 
+0.833 

,oti 

+  I-002 
+  1.004 

36 
s5 

—0.968 
— i.o4i 

.073 

+2.066 

+  3.125 

.o5q 

+  3 
+  3 

281 
366 

.0 

84 

+0.546 

+0.844 

.oil 

+ 1 . 006 

24 

— 1.120 

,079 
.086 
.093 

.103 

+  2,189 

,068  + 

459 

■  O 

.1 
.1 
.1 

83 

+0.532 
+o.5tQ 
+o*5o5 

+0.855 
+0.867 

.oil 
.012 

+  1.008 
+  1-010 

23 
22 

—  I  .206 

—  1.298 

+  3.257 
+2.333 

559 
669 

8x 

+0.878 

.oil 

+  1.012 

2t 

— t.4oo 

+3.4i4 

+2 

790 

1 
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S^c 

0iil|1iii. 

2ftk 

3llL 

4llL 

5m, 

6  SL  1  7  m. 

dm. 

9lQ. 

lOffiL 

lira. 

o 

0.0 

2.0 

7.8 

17.7 

3i,4 

49.1 

70-7 

96.2 

125.7 

[  iSg.o 

196.3 

337.5 

I 

0.0 

2.0 

8.0 

17.9 

31.7 

49.4 

7t.i 

96.7 

1 26 . 2 

159.6 

197.0 

338.3 

2 

0,0 

2.1 

8.1 

18-1 

31.9 

49.7 

71.5 

97.1 

126,7 

160.2 

197.6 

239.0 

3 

0.0 

2.2 

8.3 

18.3 

32,2 

5o.  I 

7i'9 

97.6 

137.3 

160.8 

198,3 

339.7 

4 

0.0 

2.3  1 

8.4 

18.5 

33,5 

So. 4 

72.3 

1    98.0 

137.8 

161.4 

198,9 

340.4 

5 

0*0 

3.3 

8.5 

18.7 

32.7 

50.7 

72 « 7 

98.5 

128.3 

163.0 

199.6 

341.1 

6 

0,0 

3.4 

8.7 

18.9 

33.0 

Si.i 

73,1 

99.0 

128.8 

162.6 

1 200 . 3 

341.9 

7 

0.0 

2.4 

8.8 

19. 1 

33.3 

5i.4 

73.5 

994 

129.3 

i63,a 

200,9 

342.6 

e 

0.0 

3.5 

8.9 

19.3 

33.5 

51.7 

73.9 

99.9 

129.9 

i63,8 

201 ,6 

243.3 

9  i 

0.0 

3.6 

9.1 

19.5 

33.8 

53.1 

74.3 

too. 4 

i3o.4 

164.4 

202 .2 

244.1 

10 

O.I 

3.7 

9.3 

19.7 

34.1 

52.4 

74-7 

100.8 

130.9 

i65,o 

202.9 

244.8 

ft 

0. 1 

3.7 

94 

19.9 

34.4 

53.7 

75.1 

101.3 

i3i,5 

i65,6 

2o3 . 6 

245.5 

12 

n.i 

2.8 

9.5 

30. 1 

34.6 

53.1 

75.5 

101.6 

l32.0 

166.2 

204,3 

346.3 

i3 

O.I 

2.9 

9.6 

30. 3 

34.9 

53.4 

75.9 

102.3 

i33,6 

166,8 

304,9 

347.0 

^^^H    * 

i4 

U»I 

3.0 

9.8 

20.5 

35,2 

53.8 

76.3 

102.7 

i33,t 

167.4 

ao5,6 

347.7 

tS 

o,t 

3.1  , 

9.9 

30.7 

35,5 

54.1 

76.7 

io3.3 

i33.6 

168.0 

206.3 

348.5 

le 

0,1 

3.1  , 

10. 1 

20.9 

35,7 

54,5 

77.1 

103.7 

134.2 

168,6 

206.9 

249.3 

n 

0,2 

3.3 

10.2 

21 .2 

36, 0 

54,8 

77,5 

t  o4 . 3 

134.7 

169,3 

207.6 

349,9 

i8 

o.a 

3.3 

10.4 

21.4 

36,3 

55.1 

77-9 

104.6 

135.3 

169.8 

308.3 

25o,7 

19 

0*2 

3.4 

10.5 

21.6 

36.6 

55.5 

78.3 

io5, 1 

135.8 

170,4 

208.9 

35i,4 

sa 

o.a 

3.5 

10.7 

21.8 

36,0 

55.8 

78.8 

io5,6 

i36.3 

171 .0 

309.6 

252,2 

21 

0.3 

3.6 

10.8 

22.0 

37.3 

56.3 

79.2 

106,  t 

i36.9 

171 .6 

3I0.3 

253,0 

23 

0.3 

3.7 

ti  .0 

22.3 

37.4 

56.5 

79.6 

106.6 

137.4 

172.3 

311  .0 

353.6 

23 

0.3 

3.8 

II. 3 

32,5 

37.7 

56.9 

80,0 

107.0 

i36.o 

172.0 
173.5 

211  .7 

354.4 

H 

0.3 

3.8 

II. 3 

32.7 

38. 0 

57.3, 

80.4 

107.5 

i38.5 

212,3 

255,1 

35 

0.3 

3.9 

11,5 

22.9 

38.3 

57,6 

80.6 

108.0 

139.1 

174.1 

3l3.0 

255.9 
256.6 

26 

0.4 

4.2 

11.6 

33.1 

38,6 

58. 0 

8t,3 

108.5 

139,6 

174.7 

313*7 

27 

0,4 

4.1 

1 1. 8 

33.4 

38.9 

58.3 

81.7 

109.0 

l40.2 

175.3 

314.4 

957.4 

28 

0.4 

4.2 

11.9 

33,6 

39.2 

58.7 

82.1 

1 09 . 5 

i4o.7 

175,9 

2l5.I 

958.1 

29 

0.5 

4.3 

13.  I 

23.8 

39.5 

59,0 

82.5 

110. 0 

i4i.3 

176,6 

2i5.8   258.9  1 

3o  ' 

0.5 

4.4 

12.3 

a4«o 

39,8 

59.4 

83. 0 

1 10.4 

i4i.8 

177,3 

216.4 

359,6 

3i 

0.5 

4.5 

13.4 

34.3 

4o.i 

59.8 

83,4 

1 1 0 . 9 

i4a.4 

177.8 

217, 1 

260.4 

33 

0.6 

4.6 

13.6 

34.5 

4o.3 

60,1 

83,8 

111.4 

143.0 

178.4 

217.6 

261,1 

33 

0.6 

4.7 

13.8 

24,7 

4o.6 

60. 5 

84.2 

III  .9 

143.5 

179.0 

318.5 

261,9 

34 

0.6 

4-8 

12.9 

25. 0 

40,9 

60.8 

84.7 

113.4 

144-1 

179-7 

319,3 

362 . 6 

35 

0.7 

4.9 

i3.i 

2S.2 

4i  *3 

6r.2 

85.1 

112.9 

144.6 

180.3 

219.9 

263.4 

36 

0.7 

5.0 

i3.3 

25,4 

4i.5 

61.6 

85,5 

ii3.4 

145.2 

180,9 
181.6 

220.6 

964.1 

37 

0.7 

5.1 

13.4 

25.7' 

4i.8 

61.9 

86. 0 

113.9 

145.8 

221.3 

964.9 

38 

0.8 

5.3 

i3*6 

25,9 

43.1 

6a. 3 

86.4 

u4.4 

i46.3 

18a. 2 

333. 0 

265,7 

39 

0.8 

5.3 

i3.8 

26 . 2 

43,5 

63.7 

86.8 

u4.9 

146.9 

)83,8 

233  . 7 

366.4 

4o  : 

0.9 

5,4 

14.0 

36,4 

4a. 8 

63.0 

»7.3 

115.4 

147-5 

i«J.5 

S33.4 

967.3 

4i 

0.9 

5.6 

i4.i 

26.6 

43.1 

63.4 

87.7 

tt5.9 

i48.o 

184.1 

324.1 

268,0 

42 

t  .0 

5.7 

i4*3 

36.9 

43,4 

63.8 

88,1 

116.4 

i48.6 

184.7 

224.8 

268.7 

43  ' 

t  .0 

5.8 

i4.5 

37,1 

43.7 

64.3 

88,6 

1 16.9 

149.3 

i85.4 

22  5,5 

369.5 

44 

1. 1 

5.9 

14.7 

27.4 

44.0 

64.5 

89,0 

117. 4 

149*7 

186,0 

326.2 

270,3 

45 

I.I 

6.0 

i4.8 

27.6 

44.3 

64.9 

89,5 

117,9 

i5o,3 

186,6 

226.9 

271,0 

46 

I  .3 

6,1 

i5.o 

37.9 

44.6 

65.3 

89,9 

it8.4 

i5o.Q 
i5i.5 

187.3 

337.6 

371.8 

47 

I  *9 

6.3 

l5.3 

38.1 

44,9 

65.7 

90,3 

lt8.Q 

187,9 

238,3 

272.6 

46 

1.3 

6.4 

i54 

28.3 

45,2 

66.0 

90.8 

119. 5 

l52.0 

188.5 

229.0 

873.3 

49 

1.3 

6.5 

t5,6 

28,6 

45,5 

66.4 

91 .3 

120,0 

i52.6 

189.2 

229.7 

974.1 

5o 

1.4 

6,6 

i5.8 

28.8 

45.9 

66,8 

91.7 

120.5 

i53.2 

189,8 

23o.4 

974.9 

5i 

i4 

6.7 

15.9 

29.1 

46.2 

67.3 

93.1 

121. 0 

i53.8 

190.5 

23l,J 

275.6 

52 

k5 

6.8 

16.1 

29.4 

46,5 

67,6, 

92*6 

131. 5 

i54,4 

191.1 

33i*8 

276.4 

53 

1.5 

7.0 

16.3 

29.6 

46.8 

68.0 

93,0 

133.0 

154.9 

191. 8| 

332.5 

277.2 

54 

1.6 

7.1 

16.5 

39*9 

47.1 

68.3 

93.5 

122.5 

i55.5 

199.4 

233.2, 

278,0 

55 

1.6 

7.3 

16.7 

3o.i 

47.5 

68.7 

93.9 

123. I 

i56.i 

193,1 

334,0 

378.8 

56 

^-7 

7.3 

16.9 

3o.4' 

47.8 

69.1 

94.4 

133.6 

i56.7 

193,7 

934.7 

979.5 

57 

1,8 

7.5 

17.1 

3o,6 

48.1 

69.5 

94.8 

124. 1 

157,3 

194.4 

235,4 

380.3 

58 

1. 8' 

7-6 

17.3 

30,9 

48.4 

69,9 

95.3 

124.6: 

157.8 

195.0 

336.1 

281.1 

59 

t»9 

7*7 

17.5 

3l.3 

48.8, 

70.3 

95.7 

135.1 

i58.4 

195.7 

236.8 

381, o» 

J 
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■1 

Sec. 

aam. 

ISm. 

Mm. 

I9iiii|  Mm. 

17  m. 

18  m. 

IP  m.  1  20  m. 

21m, 

1 

o 

382,7 

331.7 

384-7 

4ii.6 

5o2.5 

567,2 , 

635,9 

708,4 

7M,9 

865.3 

1 

383.5 

333.6 

385.6 

443.6 

5o3.5 

568.3 

637.0 

709*4 

786.2 

866.6 

3 

284.3 

333.4 

386.6 

443.6 

5o4.6 

569.4 

638.3 

710.9 

787.5 

868.0 

^ 

3 

285.0 

334.3 

387,5 

444.6 

5o5,6 

570,5 

639.4 

713. 1 

788.8 

869.4 

■ 

4 

a85.a 

335.3 

388.4 

445.6 

506.7 

571.6 

64o.6 

713.4 

790.1 

870.8 

^ 

5 

286.6 

336. 0 

389.3 

446.5 

507.7 

573.8 

641.7 

714.6 

791.4 

872.1 

6 

287.4 

336.9 

390.3 

447.5 

5o8.8 

573.9 

643.9 

7'5,9 

792.7 

873.5 

7 

283.2 

337.7 

391,3 

448.5 

509.8 

575.0 

644.1 

717.1 

794*0 

674.9 

6 

389.0 

333.6 

393.1 

449^5 

510.9 

676,1 

645.3 

718.4 

795.4 

876.3 

9 

389.8 

339.4 

393.0 

45o.5 

5  n .  9 

577,3 

646,5 

719-6 

7g6 . 7 

877.6 

IQ 

29a. t> 

340.3 

393.4 

4S1.5 

5i3.o 

578.4 

647.7 

730.9 

7va.y 

&79.0 

It 

291.4 

34t.3: 

394.9 

U53.5 

5i4.o 

579.5 

648.0 

733. 1 

799.3 

880.4 

13 

393.2 

342.0 

395.8 

453.5 

5i5.i 

580.6 

55o.o 

7a3.4 

S00.7 

881.8 

i3     , 

393.0 

342.9 

396.7 

454.5 

5i6.t 

581.7 

65t.a 

734.6 

802.0 

883.3 

i4 

293.8 

343,7 

397.6 

455.5 

517.3 

582.9 

65a.  4 

755,9 

8o3.3 

884.6 

i5 

394.6 

344.6 

398.6 

456.5 

5i8.3 

584. 0 

653. G 

727,3 

804.6 

886,0 

< 

i6 

295.4 

345.5 

399.5 

457,5 

519.3 

585.1 

654.8 

738.4 

806,0 

887.4 

17 

296.3 

346.4, 

400.5 

458.5 

520.4 

586.3 

656, 0 

739.7 

807.3 

888.8 

18 

397.0 

347.3 

4ot.4 

459.5 

5ai.5 

587.4 

657.3 

730.9 

808.6 

890.3 

19 

397.8 

348.  r 

402,3 

460.5 

533.5 

588,5 

658.4 

732.3 

809.9 

891,6 

- 

20 

298.6, 

349.0 

4o3.3 

46i,5 

5a3,6 

539.6 

659,6 

733.5 

811.3 

893.0 

31 

399.4 

349.8 

4o4.a 

463,5, 

534.6 

590.8 

660.8 

734.7 

8ia.6 

894.4 

33 

3oo.3 

350.7 

4o5.] 

463.5 

535.7 

591.9 

663.0 

736,0 

813.9 

895.8 

33 

3oi  .0 

35i.6 

4o6.i 

464.5 

526,8 

553,0 

663.2 

737.3 

8i5.2 

897.3 

34 

3or.8 

353.5 

407.0 

465.5 

527.9 

594.3 

664.4 

738.5 

816.6 

898.6 

35 

303.6 

353.3 

408.0 

466.5 

528.9 

595.3 

665.6 

739.8 

817.9 

900.0 

s6 

3o3.5 

354.3 

408.9 

467.5 

53o.o 

596.5 

666,8 

74  I.I 

819.3 

901.4 

2 

3o4.3 

355.1 

409.9 

463.5 

53i.i 

597.6 

668.0 

74a.  3 

8ao.5 

903.8 

3o5.i 

356. 0 

410.8 

469.5 

533.3 

598.7 

669.3 

743.6 

621.9 

904.3 

29 

3o5.9 

356.9 

4u.7 

470.5 

533.3 

599.9 

670.4 

744.9 

823.3 

905.6 

3o 

3o6*7 

357.7 

413.7 

47*. 5 

534.3 

60J  ,0 

671,6 

746.2 

824.6 

907 . 0 

3i 

307,5 

353.6 

4i3.6 

47a.  6 

535.4 

603,3 

673.8 

747.4 

8s5.9 

908.4 

3a 

3o8.4 

359.5 

4i4.6 

473.6 

536.5 

6o3.3 

674.1 

748.7 

627.3 

909,6 

33 

309.3 

36o.4 

4i5,5 

474.6 

537.6 

604.5 

675.3 

750.0 

838.6 

911 .3 

34 

310.0 

361.3 

416.5 

475.6 

538.7 

6o5.6 

676.5 

751.3 

829.9 

913.6 

35 

3I0.8 

363.3 

4174 

476.6 

539.7 

606.8 

677.7 

752,6 

83[.2 

914.0 

36 

3II.6 

363.1 

418.4 

477*6 

540.8 

607.9 

678.9 

753.8 

832.6 

915.5 

37 

3i3,5 

364. 0 

419*4 

47B.7 

541.9 

609 . 1 

680.1 

755.1 

833.9 

916.9 

38 

3i3.3 

364.8 

430. 3 

479-7 

543.0 

610. a 

681.3 

756.4 

835.3 

918.3 

39 

3i4.i 

365.7 

4at.3 

4^0.7 

544.1 

6n.4 

683,6 

757.7 

836.6 

919.7 

4o 

3i5.o 

366.6 

433.3 

48t.7 

545.3 

613.5 

6b3.8 

759.0 

838. 0    921.1 

4i 

3i5.8 

367.5 

433.3 

483.8 

546.3 

613.7 

685. 0 

760.3 

839.3 

922.5 

4a 

3i6.6 

368.4 

424.2 

483.8 

547.4 

614.8 

686.3 

761.5 

840.7 

933.9 

i 

43 

317.4 

369.3 

4a5.t' 

484.8 

548*4 

616.0 

687.4 

762.8 

842,0 

935.3 

44 

3i8.3 

370.3 

426,] 

485,8 

549.5 

617,3 

688.7 

764.1 

843.4 

926.8 

45 

319. t 

371.1 

427,0 

486.9 

550.6 

618.3 

689.9 

765.4 

844.7 

928.3 

46 

319.9 

373.0 

4ad.o 

487.9 

551.7 

619,5 

691.1 

766.7 

846,1 

929.6 

47 

320. 8 

373.9 

439.0 

488.9 

553.8 

630.6 

692.4 

768.0 

847.5 

931.0 

48 

331.6 

373.8 

439.9 

490.0 

553.9 

6at.8 

693.6 

769.3 

848.9 

933.4 

49 

333.4 

374.7 

430.9 

491.0 

555,0 

623,0 

694.8 

770.6 

85o.2 

933.8 

5o 

333.3 

375.6 

431.9 

493 . 0 

556.1 

634. 1 

696.0 

77**9 

85i.6 

935,3 

5i 

334.1 

376.5 

433.8 

493^1 

557,3 

635.3 

697.3 

773.1 

853.9 

936.6 

52 

335.0 

377.4 

433,8 

494.1 

558,3 

636,5 

698,5 

774.5 

854.3 

938.1 

53 

325.8 

378.3 

434.8 

495.2 

559.4 

627.6 

699.7 

775.8 

855.7 

939.5 

54 

326,7 

379.3 

435.8 

496.3 

560.5 

638.8 

701.0 

777.1 

857.1 

940.9 
94a.  3 

55 

337.5 

380.3 

436.7 

497-a 

56i,6 

63o.o 

703.3 

778.4 

858.4 

56 

338*4 

38 1. 1 

437.7 

498.3 

563.7 

63i,a 

703.5 

779*7 

859,8 

943,8 

57 

329,3 

383. 0 

438.7 

499.3 

563.9 

633.3 

704.7 

781.0 

861.1 

945.3 

5S 

33o.o 

383.9 
383.8 

439.7 

5O0.3 

565.0 

633.5; 

705.9 

783.3 

862.5 

946.6 

5o 

330.9 

44o,6 

5oi,4 

566,1 

634.7' 

707,1 

783,6 

863.9 

948.1 

i. 

A  A 

m 

■ 
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r 

S^c 

22  m.  1  23  m. 

24111. 

25  m. 

26III. 

27  m. 

28  m. 

29111. 

20  m. 

Sim. 

0 

949.6 

1037.8 

[ 1 29 . 9 

1325.9 

1395.9 

1429.7 

1537.5 

1649.0 

1764.6 

1884.0 

^^B 

I 

951*0 

1039.3 

ii3r.4 

1327.5 

1337.6 

i43i.4 

1539.3 

i65o.9 

1766.6 

1B86.0 

^^H 

2 

953.4 

I o4o . 8 

U33.0 

1339.2 

1339.3 

i433,3 

i54i • I 

1652.8 

1768.5 

I 888. a 

^^H 

3 

953.8 

1042.3 

1134.6 

i33o.8 

i33i.o 

1434,9 

1543.9 

1654.7 
1656, 6 

1770.5 

1890.0 

^^H 

4 

955.3 

1043.8 

11 36. 3 

ia32.5 

1332.7 

1436.7 

1544.8 

1772.4 

1892. I 

^^B 

5 

956,7 

1045.3 

1137.8 

1334.1 

1334.4 

1438.5 

1546.6 

i658,5 

1774.4 

1894.1 

^^1 

6 

958.3 

1046.8 

1139.3 

1335.7 

1336.1 

i44o.3 

1548.4 

1660,4 

177^.3 

1696,1 

^^H 

7 

959.6 

1048.3 

1140.9 

1337.3 

1337.8 

1442.1 

i55o.2 

1662.3 

1778.3 

1898. 1 

^^H 

e 

961 .1 

to49.8 

114^.5 

1239.0 

1339.5 

1443.9 

iSSa.i 

t664.2 

1780.3 

1 900 . 3 

H 

9 

963.5 

fo5i.3 

ii44.o 

1340.6 

1 341. a 

1445.6 

1553.9 

[666.1 

1782.3 

1903.3 

lO 

96J.9;io52.b 

1145.6 

1242.3 

1342.9 

1447.4 

1555.8 

1 568 . 0 

1784.2 

1904.3 

^^H 

II 

965.4 

1054.3 

1147*2 

1343,9 

1344.6 

1449.2 

1557.6 

1 669 . 9 

1786.2 

1906.3 

^^m 

13 

966,9 

io55.9 

ii48.8 

1345.6 

1346, 3 

i45i .0 

1559.5 

1671.9 

1788.2 

1908.4 

^^H 

t3 

96«.3 

1057.4 

ii5o-4 

1347.3 

1348.0 

1452.8 

1 561.3 

1673.8 

1790.1 

1910.4 

^^H 

i4 

969. 8 

1058.9; 

t[52.0 

1248.9 
ia5o,5 

J  349. 7 

1454.5 

1563.2 

1675.7 

1793.1 

1912.4 

^^H 

i5 

971.3 

1060.4 

II53.6 

i35i.4 

1456.3: 

1565.0 

1677.6 

1794-1 

1914.4 

^^H 

i6 

972,7  1062.0 

ii55.a 

1352.3 

1353.2 

1458.1 

i566,9 

1679.5 

1796. I 

1916.5 

^^B 

^7 

974.1 

io63.5 

I156.S 

1353.8 

1354.9 

1459.9 

1568.7 

1681.4 

1 798 . I 

1918.5 

^^K 

i6 

975.5 

io65.o 

1158.3 

1255.5 

1356.6 

i46i.6 

1570.5 

1683.3 

1600,0 

1920.6 

■ 

19 

977.  o]  1 066. 5 
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9.62 

33 

•4t39 

.4215 

.4317 

,4446 

,46o3 

.4788 

.5oo3 

.5253 

.5535 

,5856 

.62 

34 

.4t4i 

.4218' 

.4321 

,445i' 

.4608 

.4794 

,5oii 

.5261 

.5545 

,5868 

.62 

36 

.4144 

.422r 

.4335 

.4456 

.46i4 

.48ot 

*5oi9 

.5269 

,5555 

.5879 

.62 

38  1 

.4i46 

.4224 

.4329 

,4460 

.4620' 

,4808 

.5o27 

.5278 

,5565 

.5891 

.62 

4o 

9,4i48 

9.4227 

9.4333 

9.4465 

9,4625 

9.4815 

9.5o35 

9.5287 

9.5576 

9.5903 

9.62 

42 

4i5o 

.4231 

.4337 

.4470 

.4631 

.4821 

.5o43 

.5296 

.5586 

.5914 

.62 

44 

.4i53 

.4334 

.4341 

.4475 

.4637 

.4838 

.5o5o 

.53o5 

.5596 

.5926 

.62 

46 

.4i55 

.4237 

.4345    .4480 

.4643 

.4835 

.5o58 

.53i5 

.56o6 

.5937 

.63 

48 

.4i57 

.4340 

.4349    4485 

.4649 

.4842 

,5o66 

.5324 

.5617 

.5949 

.63 

5o 

9-4i59 

9^4343 

9.43539,4490 

9.4655 

9.4849 

9.5074 

9,5333 

9.5627 

9.5961 

9.63 

5a 

.4162 

.4246 

.4357:    -4494' 

.466] 

.4856 

.5082 

.5342 

,5638 

.5973 

.63 

54 

.4i64 

*425o 

.4361     .4500 

.4667 

,4863 

,5091 

.5351 

,5648 

,5985 

.63 

56 

.4167 

.4353 

.4366     .45o5 

.4673 

.4870 

.  5099 

.5361 

.5659 

.5997 

.63 

58 

.4169 

.4256 

.4370    ,4Sio 

.4679 

.4877 

,5107 

.5370 

,5669j    .6009 

.63 

Logarithm  of  A. 

BUa. 

13  IL 

14  iL 

ISIlI  IGh. 

17  k 

laiL  1   19  h,  1  20  b. 

21k 

22k 

23] 
0*76 

0 

9 . 64o6 

9.6841 

9.73^3 

9.7^9^ 

9.8539 

9.9a87[o.o£72io,  1249 

0.3623 

0.4523 

3 

.6419 

.6856 

.7351 

.7915 

.8563 

.9314 

.0204 

.  1290 

.2676 

.460J 

.78 

4 

.6433 

,6873 

.7369 

.7935 

,8585 

.9341 

.0337 

.i33o 

.2729 

.4680 

.80 

6 

.644? 

.6887 

.7386 

,7955 

,8608 

.9368 

.0270 

.1371 

.2783 

,4761 

.81 

8 

.6461 

,6903 

.7404 

•7975 

.8632 

.9396 

,o3o3 

.l4l3 

.2838 

.4842 

.83 

10 

9.6474 

9.6919 

9,7422 

9.7996 

9.8655 

9*9424 

O.0336 

o.t454 

0.2893 

0.4926 

0.85 

12 

.6488 

.6934 

,7440 

.8016 

.8679 

.9451 

,0370 

.1496 

.3949 

,5oio 

.66 

i4 

.65o3 

.6950 

•  7458 

.8037 

.8703 

.9479 

.o4o3 

.1538 

,  3oo5 

.5097 

.88 

r6 

.65i6 

.6966 

.7476 

.8o58 

.8737 

.9508 

.0437 

.i58i 

.3o63 

.5i84 

,90 

18 

.653o 

.6983 

.7494 

.8078 

.875  J 

.9536 

.0472 

.1623 

,3l20 

.5274 

.92 

20 

9-6545 

9.6998 

9.7512 

9 . 8099 

9.8775 

9.9564 

o.o5o6 

0,1667 

0.3179 

0.5365 

0,95 

22 

.6559 

.7014 

.7531 

.8iao 

.8799 

.9593 

.0541 

.  1711 

.3238 

,5458 

•97 

24 

.6573 

.7030 

.7549 

.8i4i 

.8824 

.9622 

.0576 

-1755 

.3298 

.5553 

.99 

^^^^^H 

26 

.6588 

.7047 

.7568 

.8162 

,8848 

.9651 

.0611 

.1799 

,3359 

.5649 

1 ,02 

aS 

.6602 

.7063 

.7586 

.8184 

,8873 

,9680 

.0646 

.1844 

.3430 

.5748 

.04 

3o 

9.6616 

9,707919.7605 

9.8205 

9.8898 

9.9709 

0.0682 

0,1889 
.1935 

0.3483 

0.5848 

z  .07 

33 

.663! 

.7096 

.7624 

.8227 

.8933 

.9739 

.0718 

.3545 

.5951 

.to 

34 

.6645 

.7112 

.7642 

.8248 

.8948 

.9769 

,0754 

.1981 

.3609 

.6o56 

.14 

36 

.6660 

.7129 

.7661 

.8270 

.8973 

.9798 

.0790 

.2os8 

,3674 

.6164 

.17 

38 

.6675 

.7146;   .7680 

.8292 

.8999 

.9829 

.0827 

.2075 

.3739 
o.38o5 

.6273 

.21 

4o 

9  *  6690 

9.7162)9,7699 

9.831419.9024 

9.9859 

0,0864 

0,3I23 

0.6386 

1.25 

41 

.6704 

.7179 

.7718 

.8336 

,9050 

.9889 

.0901 

.SI70 

.3873 

.65oi 

.3o 

44 

,6719 

.7196 

.7738 

,8358 

,9075 

.9920 

,0939 

,2318 

.3941 

,6619 

•  35 

46 

.6734 

.7213 

.7757 

.838o 

.9101 

.9951 

,0976 

.2267 

.4oto 

.6740 

.4j. 

48 

.6749 

.7330 

.7776 

.8402 

.9127 

.9982 

.  ioi5 

.23i6 

,4080 

.6865 

,48 

5o 

9-6764 

9*7247 

9.7796 

9.8425 

9,9154 

o.oot3 

0.1 o53 

0.2366 

o.4i5i 

0.6993 

1.56 

52 

.6779 

.7264 

,7815 

.8447 

*9i8o 

.  oo44 

.1092 

.2416 

.4223 

.7124 

.65. 

54 

•  6795 

.7281 

.7835 

.8470 

.9206 

,0076 

.ii3i 

.2467 

.4297 

.7359 

,78 

56 

.6810 

.7299 

..7855 

.8493 

.9233 

.0108 

.117a 

.25i8 

.4371 

.7398 

.96 

58 

.6825 

.7316 

.78751   .85i6 

.9260 

.oi4o|   .1209 

.2570 

.4446 

.7541 

2,26 

J 

1 
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1 

p 

^               Logariihin  of  B.                     i  B  ncg. 

ittiiL  ail. 

1  311.  1  4k  1  9h. 

eh. 

7k  f  8k 

9k   10k 

1  Ilk ;  12  k 

u  9.3959 

9.38269.3635 

9.3369 
.3358 

9,3oio 

9.3530 

9.1674 

9.0943 

&.9509 

8.6837 

Inf. 

a 

.3955 

.38221  .3637 

.2996 
.2983 

.35  If 

.1848 

.0906 

.9447 

.6701 

7.2431 

n 

4 

.3952 

.3817  ,3620 

.3348 

,2493 

.1633 

.0867 

,9384 

.656o 

.5453 

6 

.394s 

.3811  .3612 

.3337 

.2968 

.2473 

.1796 

.0828 

.9320 

.64i4 

.7336 

a 

.3944 

.38o6  .36o4 

.3327 

.3954 

.3454 

.1769 

.0789 

.9354 

.6262 

.8486 

ta 

9.3941 

9.38009.3596^9.3316 

9.3940 

9.3434 

9.1742 

9.0749 

8.9187 

8.6io3 

7.9469 

13 

.3937 

.3794 

.3588 

.33o5 

.3935 

.341 5 

.1715 

.  0708 

.9118 

.5937 

8.0273 

i4 

.3933 

.3789 

.358o 

.3394 

.2911 

,3395 

,1687 

.0667 

.9048 

.5764 

.0955 

1 

16 

.3929 

.3783 

.3573 

.3283 

.2S96 

,3375 

.1659 

.0625 

.8977 

.5583 

.1547, 

Id 

.3935 

.3777 

.3564 

.3272 

.2681 

.2355 

.i63o 

.0583 

.8903 

.5393 

.  2071 

ao 

9,3921 

9.3771 

9.35559.3261 

9.2866 

9.3334 

9.1602 

9.0540 

8.8829 

8. 5192 
.4981 

8,254i 

33 

.3917 

.3765 

.3547 

.3349 

.285o, 

.fl3i3 

.1573 

.0496 

.8753 

.3967 

.■ 

a4 

.3913 

.3759 

.3538 

.3238 

.2835 

.3392 

.1543 

.0452 

.6674 

.4758 

.3357 

I 

36 

.3909 

.3752 

,353o 

.3226 

.3819 

.3271 

.i5i3 

,o4o6i  .8594 

.4531 

.3717 

■ 

28 

.3905 

.3746 

.3521 

.3214 

.3804 

.a25o 

.1483 

.o36o'  .85i2 

.4270 

.4o5i 

■ 

3o 

9.3900 

9.3740 

9.35129.3303 

9,3788 

9.2328 

9.1453 

9.o3i4iS.8437 

8.4001 

8.4363 

■ 

32 

.389G 

.3733 

.35o3  .3191 

.2772 

.  3306 

.l432 

.0366 

.8341 

.3713 

.4657 

■ 

34 

.3892 

.3737 

.3494  .3178 

.2756 

.3164 

-139a 

.0318 

.8253 

.34o3 

.4932 

■ 

36 

.3887 

.3730 

.3485  .3i66 

.2739 

.3162 

.1359 

.0169 

.8162 

,3067 

.5193 

3d 

.3883 

.3713 

.3476  .3i54 

.2723 

.3l4o 

.1327 

.0119 

.8068 

.2701 

.5440 

40 

9.3878 

9.3707 

9.34679.3142 

9.3706 

9.2117 

9.1294 

9 , 0069 

8.7972 

8.2299 

8.5675 

42 

.3873 

.3700 

.3457, 

.3139 

.2689 

.3094 

.1361 

.0017 

.7873 

.1853 

.5899 

44 

.3868 

.3693 

.3448 

.3u6 

.2673 

,2070 

.1238 

8.9965 

.7772 

.1354 

.6114 

1 

46 

.3863 

.3686 

.3438 

.3io3 

.2655 

.2047 

.1194 

.99JI 

.7668 

.0786 

.6330 

48. 

.3859 

.3679 

.3429 

.3091 

.3638 

.3023 

.  1 1 59 
9.1135 

.9857 

.7560 

-0128 

.65x7 

5a  ^ 

9.3854 

9.3672 

9.3419 

9.307S 

9.3630 

9.1999 

8.9803 

8.7449 

7.9348 

8.6707 

52 

.3849 

.3665 

.3409 

.3o64 

.3603 

*1974 

.1089 

.9745 

.7335 

.83oi 
^7104 

,6890 

54 

.3843 

.3657 

.3399 

.3o5i 

.3584 

.1950 

.io54 

.9688 

.7217 

.7067 

56 

,3838 

.3650 

.  3389 

.3o38 

.2566 

.  1925 

,1017 

,9630 

.7094 

.54o5 

.7337 

■ 

58 

.3833 

.3643 

.3379 

.3o24 

.254** 

,1900 

.0961 

.9570 

.6968 

.3407 

.7402 

1 
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ntlia.  1311* 

14  k 

15  h. 

16  h. 

17  k 

18k  «  19k 

20  k  21  k 

22k 

23  k 

0 

^,7563 

9.0971 

9,3162 

9.4^^4 

9.6383 

g.7782 

9.9167 

0.0625  0.2279 

0.4373 

0.7653 

2 

.7718 

.1057 

.3325 

.4937 

.6431 

,7827 

.9213 

.0676 

.2339 

.4455 

,7807 

■ 

4 

.786S 

.ii4i 

-3287 

.4990 

.6478 

.7873 

.9360 

.0727: 

.2401 

.4540 

.7967 

■ 

6 

.8oi5 

.1334 

.335o 

.5o43 

.6526 

,7919 

.9307 

.0779 

.2462 

.4625 

,8i33 

■ 

8 

,81 58 

.i3o6 

.3411 

.5094 

.6573 

.7965 

.9355 

.o83o 

.3524 

.47«i 

.83o5 

10 

8.8396 

9.1387 

9.3473 

9.5j46 

9.6621 

9.801 1 

9.9402 

0.0S83 

0.2587 

0.4799 

o,8483 

12 

.8432 

.1466 

.3533 

,5197 

.6668 

,8057 

.9449 

.0935 

.265ci 

.4889 

.8667 

i4 

.8564 

.1547 

.3593 
.3653 

.5248 

.6715 

,8io3 

•9497 

.0987 

.2714 

.4960 

.8860 

16. 

r  .8693 

.1625 

.53oo 

,6762 

.8149 

.9544 

.io4o 

.2778 

.5073 

.9060 

iS 

.8818 

.1703 

.3713 

.5351 

.6809 

.8195 

.  9592 

.1093 

.2843 

.5i65 

.9370 

20 

8.8941 

9.1779 
.1855 

9.3772 

9.5401 

9.6856 

9.8341 

9,9640,0.1146 

0.2909 

0,5261 

0 . 9489 

23 

.9062 

.3831 

*5452 

.6903 

.8387 

,9687 

.1200 

.2975 

.5356 

.9719 

24 

.9180 

.1930 

.3889 

.55o3 

.6949 

.8333 

.9735 

.1253 

.3o4i! 

.5457 

.9961 

26 

.9395 

.2004 

.3947 

.5553 

.  6996 

.6379 

.9784 

.i3o8 

.3109 

.5557 

I. 0216 

3d 

.9408 

.2078 

,4oo5 

.56o3 

.7043 

.8425 

.9833 

.1363 

.3177 

.5660  .0487I 

• 

3o 

8.9519 

9.2i5o 

9 , 4063 

9.5653 

9 , 7089 

9-6471 

9,9880 

o.i4i7 

0.3245 

0.5764 

1.0774 

32 

.9627 

.3333 

.4119! 
.4175 

,5702: 

.7136 

.85i7 

.9939 

.147a 

.33i5 

.5871 

.1081 

1 

34  1 

.9734 

.2293 

.5752 

.7183 

.8563 

•9977 

.1537 

.3385 

•5979 

.1409 

36 

,9839 

.2364 

.4232 

.58oi 

.7238 

.8609 

0.0026 

.1582 

.3456 

.6090 

.1764 

38 

.9943 

.3434 

.4388 

.565o 

.7275 

.8655 

.0075 

.1638 

.3537 

.6304 

.2149 

4o 

9.0043 

9.35o3 

9.4343 

9.5900 

9.7321 

9.8701 

0.0124 

0.1695 
.1751 

0.3599 

0.63I9 

i.a569 

43 

.0142 

.2571 

.4399 

.5948 

.7367 

.8748 

.0173 

.3673 

,6438 

.3o33 

44 

.0340 

.3639 

.4454 

.5997 

.74t3 

.8794 

.0223 

.1608 

.3747 

.6559 

.3553 

46 

.o336 

.3706 

.4509 
.4563 

.6o46 

.7459 
.75o5 

.884a 

.0273 

.2  666 

.3823 

.6684 

.4i38 

48 

.o43t 

.3773 

.6094 

.8887 

.o3s3 

.1934 

.3897 

.68!  t 

.4814 

5o 

9.0594 

9.3839 

9.4617 

9.6143 

9,7552 

9.6933 

0.0372 

0.1982 

0.3974 

0.6943 

t.56t2 

■ 

52 

.0616 

,3905 

»467f| 

,6191 

.7598 

.6980 

.0433 

.2o4o 

.4o53 

.  7076 

.6587 

■ 

54 

.0707 

.3970 

.4735 

.6239 

.7644 

.9026 

.0473 

,2099 

,3i59 

.4i3o 

.7314 

.7843 

■ 

56 

.0796 

.3o34 

.4778 

.6387 

.  7690 

.9073 

.o533 

.4210 

.7355 

,9610 

■ 

k 

58 

.o884 

.3098 

.4831 

,6335 

.7736 

.9120 

.0574 

.2219 

.4291 

.7501 

2.2627 

J 

1 

374  Table  XIl^ — Length  vt*  k   Degree  op  Long,  and  Lat. 


Geographl 


An^u  or 
Verticils 


DiJf 


LagnrlthiQ  of 


Dlfi: 


Deff.  ofMtiTidx&u. 
Englltfh  Feet. 


Diff 


I>«^,orPiifiii3d. 
English  Fed, 


Bir 


o . ooooooo 

9.9999906 

999  a 

9961 

9q3o 
9891 

9.9999843 
9786 
9721 
9648 
9566 
9476 

9,9999377 
9271 
9157 
oo35 
§905 
8768 

9.9998634 
8472 
3314 
8149 
7977 
7799 

9.9997614 
74  a4 
7228 
7027 
6620 
6608 

9*9996392 
6355 
63i9 
6983 
6a45 
6308 

9.9996171 
61 34 
6096 
6059 
6o2i 

5984 

9.9996946 
5908 
5870 

5833 
5794 
5755 

9.9995717 
5678 
564o 
56oi 
5562 
5533 

9.9995484 
5445 
5406 
5367 
5327 
5288 

9*9995248 


369748.33 
749-43 
752,75 
758.28 
766.00 
775.91 

362788.01 
802.37 
818.68 
837.22 
857.86 
880.59 

362905.37 
932.18 
960.98 
991.74 

363os4>42 
o58.99 

363095.40 
i33.6i 
173.57 

2l5.23 

258.56 
3o3.49 

363349.96 
397.03 
447.34 
498.13 
55q.24 
6o3.6o 

363658.14 
667.34 
676.58 
685.84 
695.14 
704*46 

353713. 81 
723.20 
733.61 
743 *o5 
751.52 
761 .02 

368770.54 
780.10 
789.68 
799.29 
808.92 
818.58 

363828.27 
837.98 
847.72 
857.48 
867,26 
877.07 

363886.91 
896.77 
906.65 
916.55 
926.48 
936.43 

363946*4o 


7.73 
9.91 

12.  10 
14.26 

16. 4i 
18.54 
so.  64 
23.73 

24.78 
36.81 
28.80 
30.76 

32.68 
34.57 
36. 4i 
38.21 
39 .  96 
4i.66 
43.33 
44.93 
46.47 
47-97 
49.41 
50.79 

52,  u 

53.36 

54.54 

9.20 


9.39 
9.4 
44 

47 
5o 

52 

56 
58 
6] 
63 


9.66 
9.69 
9.7J 


74 
76 
78 
61 
84 
86 
89 
90 

9.93' 
9.95 

9.97 


365 185.7 I 
5i3o.47 
4964 . 74 
4688.57 
43o2 . o5 
3805.29 

363198.43 
3481.64 
i655.i3 
0719. i3 

359673. 92 
6519. 79 

357357.07 
5886. t 3 
4407.36 
2821 . 19 
1138.07 

349338.50 

347422,96 
5412.07 
3296.36 
1076.45 

338752.98 
6336.62 

333798.08 
1168. 10 

338437 . U 
5606,89 
2677.27 

319649.44 

316524.29 
5994.03 
546t .10 
4935 . 5c 
4387.33 
3846, 3 I 

3i33o2.73 
3756.48 
2307.60 
1 656, 08 
iioi .91 
0545.IX 

309985.68 
9423.63 
8858.95 
8291 .66 
7721 .76 
7149.35 

306574, i4 
5996.43 
54i6.i3 
4833 . 34 
4247.77 
3659.7a 

303069. JO 

2475.91 
1880.16 
1381.84 
0680.97 
0077.55 
399471.60 


55.  a4 

165.73 

276,17 

386.5a 

496.76 

606.86 

716.79 

826,51 

936,00 

io45.ai 

ii54.i3 

1262 .73 

1370,941 

1478.77 

1586.17 

1693.13 

1799.57 

K905.52 

30IO»9I 

311 5. 71 

3319.91 

33a 3. 47 

34a6.36 

25a8:54 

3629.98 

3730.66 

a83o.55 

3929.6c 

3027. 83 

3i25,i5 

53o,36 

533.93 

535.60 

538,271 

540.92 

543.59 

546.24 

548.88 

55t.5a 

554.17 

556.80 

559.43 

563. o5 

564.68 

567*39 

569.90 

572.51 

575.11 

577-7* 
58o . 3o 
582.89 

585.47 
588. o5 
590.6a 
593. 19 
595.75 
698,32 
600,87 
6o3.4a 
605*95 


A 


Angle  of  the  Vertical  awd  Log.  of  Eahtii'^  RAuiLrs.  375 


Annie  of 
Vertical. 


Lof  aritliin  of 


""'■  "gbtr 


Epgiiilt  Fwl. 


Gtocwmili 


U 


21.79 

ti  si3.6i 
24.17 
24*70 

25.22 
25.71 

26. id 

II  36.6s 

97>o4 
27.44 
27.8a 
28.17 
28*5o 

II  28,80 
29.08 
29.34 
39.58 
29.79 
39.98 

II  3o.i4 
30.29 
3o.4 
3o.5o 
30.57 
3o.63 
30.65 


Dur. 


.81 


.9995248 
5208 
5169 
5i29 
5089 
5o49 

.9995009 
4969 
4939 
4888 
4843 
4807 

.9994767 
4726 
4686 
4645 
46o4 
4563 

.9994522 
448 1 
4440 
4399 
4358 
4317 

.9994276 
4a34 
4193 
4i52 
4ito 
4069 

.9994027 
3985 
3944 
3903 
386o 
3819 

.9993777 
3735 
3693 
365i 
3609 
3567 

^9993525 
3483 
3441 
3399 
3357 
33i5 

.9993273 
32  3o 
3i88 
3i46 
3io4 
3o63 

.9993019 
2977 
2935 
2893 
285o 
3@o8 

f,  9  992766 


353946.40 
956.39 
966.41 
976.44 
986,49 
996,57 

364006.67 
016,78 
026.91 
037.07 
047.24 
057.43 

364067 . 64 
077,86 
088.10 
098 . 36 
108.64 
118.93 

364129.24 
139,55 
149.90 
t6o.25 
170,63 
181 .00 

364191.40 
301.60 

313.33 

222.66 

233.11 

243.57 

3642 54.04 
264.53 
275.01 
285.51 
396.03 
3o6.55 

3643i7.o8 
327,62 
338.17 
348.73 
359.30 
369.87 

364380.45 
391.04 
4oi.64 
412.24 
422.85 
433.46 

364444.08 
454.70 
465.33 
475.96 
486.59 
497.23 

364507.87 
5i8,53 
539.16 
539.81 
55o.46 
56I.I2 

364571 ,77 


Dur 


299471 .60 
8863.09 
8a52.o6 
7638.49 
7022*40 
64o3 . 80 

295783.67 
5159.04 
4532.90 
3904.27 
3273.14 
2639.52 

292003.43 
1364.84 
0733*79 
0080*28 

289434 . 3o 
8785.86 

288134.97 
748 r. 63 
6825.85 
6167.64 
5506.99 
4843.93 

384178.44 
3510*54 
2840.23 
3167.52 
1493.41 
0814.91 

280135,01 

379453,75 
8768.10 
8081.09 
7391.71 
6699.97 

376005.09 
5309.46 
4610,68 
3909 . 56 
3306. 1 3 
35oo.36 

271793.28 
1081 .89 
0369*19 

3696S4.19 
8936.90 
8217.33 

267495,45 
6771.31 
6044.90 
53i6.33 
4585.29 
3852. 10 

363116.67 
2379.00 
1639.09 
0896.96 
oi59.6o 

259406.03 

258657.35 


Diff. 


608, 5i 
611. o3 
613.57 
616,09 
618.60 
631. t3 
623.63 
626.14 
638.63 
63i,i3 
633,62 
636. 10 
638. 5S 
64i .o5 
643.51 
645.98 
648.44 
650,89 
653,34 
655.78 
658.21 
660.65 
663. 06 
665.49 
667,90 
670.31 
672*71 
675.11 
677.5a 
679.90 
683.36 
684.65 
6S7.01 
689.38 
691.74 
694 . oS 
696.43 
698.78 
701.12 
703.43 
705.77 
708.08 
710.39 
712.70 
715.00 
717.99 
719.58 
731.87 
734.14 
736.41 
738.68 
730.93 
733.19 
735.43 
737.67 
739.91 
743. i3 
744.36 
746.57 
748*78 


376  Table   XII. — Length  op  a  Peoree  of  Long,  and  Lat. 


Geograph. 

An«l«or 

Latttode. 

Vertieid. 

0             ' 

45     o 

II    3o.65 

lO 

30.65 

20 

30.63 

3o 

30.58 

4o 

3o.5i 

5o 

30.42 

46     o 

II   3o.3i 

to 

3o.i7 

20 

3o.oi 

3o 

29.82 

4o 

29.61 

5o 

29.38 

4?    0 

II   29.12 
28.85 

lO 

20 

28.54 

3o 

28.22 

4o 

27.87 

5o 

27.50 

48     o 

II  27.10 

lO 

26.69 

20 

26.24 

3o 

25.78 

4o 

25.29 

5o 

24.78 

49     o 

II  24.24 

10 

23.69 

20 

23.11 

3o 

22.  5o 

4o 

21.87 

5o 

21.22 

5o     0 

II    20.55 

10 

19.85 

20 

10. i3 

3o 

18.39 

4o 

17.63 

5o 

16.84 

5i     0 

II   16.02 

10 

I5.I9 

20 

14.33 

3o 

i3.45 

4o 

12.55 

5o 

11.62 

52      o 

II   10.67 

lO 

0.70 

20 

8.71 

3o 

7.69 

4o 

6.66 

5o 

5.60 

53     o 

II     4.5i 

lO 

3.4o 

20 

2.27 

3o 

1. 12 

4o 

10  59.94 

5o 

58.74 

54    o 

10  57.52 

10 

56.28 

20 

55.02 

3o 

53.73 

4o 

52.4a 

5o 

51.09 

55    o 

10  49.74 

Dur. 


Locaiithinor 
EartA's  Rftdias. 


I>iff. 


DM.oriiflridiaii. 
BngitohFa<t. 


Diff. 


Def.ofParaUel. 
Engtiah  Feet. 


Dur. 


.02 
.o5 
.07 
.09 
.II 
.14 
.16 
.19 
.21 

.23 

.26 
.27 
.3i 

.32 

.35 
.37 
.40 
.41 
.45 
.46 

.49 
.5i 
.54 
.55 
.58 
.61 
.63 
.65 
.67 
.70 
.72 
.74 
.76 

•79 
.82 
.83 
.86 
.88 
.90 
.93 
.95 
•97 

•99 
.02 
.o3 
.06 
.09 
.11 
.i3 
.i5 
.18 
.20 
.22 
.24 
.26 
.29 
.3i 
.33 
.35 


. 9992766 
2723 
2681 
2639 
2596 
2554 

.9992512 
2470 
2427 
2385 
2343 
23oo 

.  99922'58 
2216 
2174 

2l32 

2089 

2047 

.9992005 

1963 
I92I 

1879 

1837 

1795 

.9991752 

I7II 
1669 
1627 
1 586 
1 544 

.9991502 
1 460 
1419 
1377 
i335 
1294 

.9991252 
1211 
II 70 
1128 
1087 
io46 

.9991005 
0963 
0922 
0881 
o84o 
0800 

.9990750 
0718 
0677 
0637 
0596 
o556 

.99905 I 5 
0475 
0435 
0395 
o355 
o3i5 

.9990275 


43 
42 
42 
43 
42 
42 
42 
43 
42 
42 
43 
42 
42 
42 
42 
43 

42 

42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
4i 
42 
42 
42 
4i 
42 
42 
4i 
42 
4i 
4i 
42 
4i 
4i 
4i 
42 
4i 
4i 
4i 
4o 
4i 
4i 
4i 
4o 
4i 
4o 
4i 
4o 
4o 
4o 
4o 
40 
4o 


364571.77 
58a. 42 
593.08 
603.73 
6i4.38 
625.03 

364635.68 
646.33 
656.98 
667.62 
678.26 
688.00 

364699.54 
710.17 
720.80 
731.42 
742.03 
752.65 

364763.25 
773.85 
784.45 
795.04 
805.62 
816.19 

364826.75 
837.31 
847.86 
858. 4o 
868.93 
879.45 

364889.96 
900 . 46 
910.95 
921.43 
931.90 
942.36 

364952.80 
963.23 
973.65 
984.06 
994.45 

365oo4.83 

365oi5.2o 
025.55 
035.88 
o46.2o 
o56.5i 
066.79 

365o77.o6 
087.32 
097.56 
107.78 
117.98 
128.17 

365 I 38. 34 

148.49 
i58.6i 
168.72 
178.81 
188.88 
355198.93 


0.65 
0.66 
0.65 
0.65 
0.65 
0.65 
0.65 
0.65 
0.64 
0.64 
0.64 
0.64 
0.63 
0.63 
0.62 
0.61 
0.62 
0.60 
0.60 
0.60 
0.59 
0.58 
0.57 
0.56 
0.56 
0.55 
0.54 
0.53 

0.52 

o.5i 
o.5o 
0.49 
0.48 
0.47 
0.46 
0.44 
0.43 
0.42 
0.41 
0.39 
0.38 
0.37 
0.35 
0.33 

0.32 

o.3i 
0.28 
0.27 
0.26 
0.24 
0.22 
0.20 
0.19 
0.17 
o.i5 
0.12 

O.II 

0.09 
0.07 
o.o5 


258657.25 
7906 . 26 
7153.08 
6397.71 
564o.i5 
4880.42 

254ii8.5i 
3354.43 
2588. 20 
1819.82 
1049.29 
0276.62 

249501 .81 
8724.88 
7945.83 
7164.66 
6381.39 
5596.01 

244808.54 
4018.98 
3227 . 34 
2433.62 
1637.84 
0839.99 

24oo4o . 09 

239238.14 
8434.15 
7628. 12 
6820.07 
6009 . 99 

235197.90 
4383.80 
3567.70 
2749.60 
1929.52 
1107.46 

23o283.42 

229457.42 
8629.45 
7799.54 
6967.67 
6133.87 

225298. i3 

4460.47 
3620.90 
2779.41 
1936.01 
1090.72 
220243 . 54 
219394.47 
8543.54 
7690.73 
6836.06 
5979.53 

2l5l2I .16 
4260 . 95 
3398.90 

2535.04 

1669.35 

8io8oi.85 

ao993a.55 


750.90 
753.18 
755.37 
757.56 
759.73 
761.91 
764.08 
766.23 
768.38 
770.53 
772.67 
774.81 
776.93 
779.05 
781.17 
783.27 
785.38 

787.47 
789.56 
791-64 
793.72 
795.78 
797.85 
799.90 
801 .95 
803.99 
806. o3 
808. o5 
810.08 
8 I 2 . 09 
814.10 
816.10 
818.10 
820.08 
822.06 
824.04 
826.00 
827.97 
829.91 
831.87 
833.80 
835.74 
837.66 
839.57 
841.49 
843.40 
845.29 
847.18 
849.07 
850.93 
852. 81 
854.67 
856.53 
858.37 
860.21 
862.05 
863.86 
865.69 
867.50 
869.30 


r^E    OF    THE    Ve^RTICaI 


toa. 


EngUih  Foet, 


Vertical . 


Lo^nnthm  of 
Eartli't  Radiui 


DiC 


1 7 ,  o5 
17-63 

i8,at 


.53 


9.9990275 
0335 
0195 
oi55 
01 16 
0076 

9.9990037 

9,9989998 
9958 
9919 
9880 
gSAt 

9.9989^03 
9764 
9725 
9686 
9648 
9610 

9.9989571 
9533 
9495 
9457 
9419 
9383 

9 . 9989344 
9307 
9369 
9232 
9195 
9i58 

9.9969121 
8902 
8688 

8479 

8375 

8077 

9.9987884 

7697 
7517 
7342 
7174 
7013 

9.9986859 
6713 
6573 
644 1 
63i7 
6301 

9.9986093 
5993 
5901 
58i8 
5743 
5676 

9.9985619 
5570 
553o 
5498 

547<5 

5463 

9,9985458 


365198.93 
308.96 
318.97 
228.96 
238.9a 
248.86 

365258.78 
268.68 
278.55 
388.40 
298.33 
3o8.o3 

365317.60 
327,56 
337.39 
346.99 
356,66 
366.31 

365375.93 
385.53 
395.10 
4o4,64 
4i4.i6 
433.65 

365433. 10 
443,53 
451,93 
46i.3o 
470.64 
479.95 

365489.23 
544.2  5 
598.10 
650.70 
702 . 00 
751.94 

365800.44 
847-45 
893.91 
936.77 
978.97 

366or9.45 

366o58.i7 
095.08 
i3o.t4 
i63.3o 
I 94 . 5 I 
233.74 

366250.96 
276.13 
299.21 
320.19 
339.02 
355.69 

366370.19 
382.49 
392.57 
400.43 
4o6 . o4 
409.4a 

3664 10. 54 


10. o3 
to. 01 


9.83 
9.80 


55.03 
53.85 
52.60 
5i.3o 
49 .  94 
48. 5o 
47- 01 
45.46 
43,86 
43*ao 
4o.48 
38.72 
36.91 
35.06 
33.16 

3l.3I 

29. 33 
37.22 
25.17 
23.08 
30.98 
18. 83 
16.67 
£4 -So 
13.  3o 

10,08 

7.86 
5.61 

3.38 


209932.55 

9061 .44 

8188. 56 

7313.89 

6437,44 

5559,33 

204679 , 26 

3797.54 

2914*07 

2028.87 

ii4t.93 

2002 5 3, s8 

199362 .90 

8470.82 

7577.04 

6681.57 

5784*43 

4885.58 

193985.08 

3082.91 

2179.09 

1273.63 

0366.52 

£89457,78 

188547,43 

7635.45 

6731.86 

5806.67 

4889.90 

3971.53 

i83o5i.59 

177499.35 

171893.10 

166231.84 

j6o520,st 

154758.95 

148949.83 

143094.63 

137195.14 

i3i253.i8 

125270,57 

119249,14 

ij 3190. 78 

107097,32 

100970.66 

94813.70 

88635.33 

83410,44 

76«69.97 

69905,87 

63630.07 

57314.53 

50991.17 

44651.98 

38398.93 

31933.97 

25559. oS 

19176.27 

12787.49 

6394.74 


871.11 

872.88 

874,67 

876.45 

878.21 

879.97 

881,72 

883.47 

885. 30 

886.94 

888.65 

890.38 

892,08 

893.78 

895,47 

897.15 

898.84 

900 , 5o 

902.17 

903.62 

905.46 

907.11 

908 .  74 

910,35 

911.98 

913.59 

9 1 5 . 

916.77 

918.37 

919.94 

555a. 34 

5607.15 

566o . 26 

5711.63 

5761.36 

5So9»i3 

5855, 30 

5899.49 

5941.96 

5982.61 

G021.43 

6o58.36 

6093*46 

6126.66 

6157.96 

6187.38 

6214.88 

6240.47 

6364. to 

6285.80 

63o5.54 

6323.36 

6339.19 

6353, o5 

6364*96 

6374.89 

6383. di 

6388.78 

6393.75 

6394.74 


^H^        378           Taule  XIII.                 1               Table   XIV.      ^H 

^^^^H            Augmentaitpn  of  the  Moon'9  Semi-drnmeicTt  cm|                                                           ^9^B 

accotifit  of  her  appartni  Altitude.            \\RedueHmt  of  the  Moan's  tquatonal  Parallax, 

IS? 

» 1  Mooii*i  E4]iiBtortiU 

1 

■J 

PanlLix. 

ft 
14  30 

.     ^  1  .     ,,  1  -     - 

16  30 

17  0 

1 

Panill«. 

15  0 

i5  30|l6  0 

1 

i-3 

53' 

57' 

61' 

53' 

57' 

61' 

o 

o.to 

O.I3 

o.i3 

It 
0.  i4 

o.i5 

0.17 

0 

0.00 

0.00 

0.00 

45 

5.39 

5.69 

It 
6.09 

3 

0.58 

0*63 

0.66 

0*71 

0.76; 

0.81 

1 

0.00 

0.00 

0.00 

46 

5.48 

5.89 

6.3o 

4 

i.o5 

I  .13 

1*30 

I.88| 

1.37 

1*46 

3 

O.Ol 

O.Ol 

O.OI 

47 

5.66 

6.09 

6.52 

6 

i.5j 

I  .63 

1.74 

1.86 

3]58 

s.ic' 

3 

o.o3 

o,o3 

o.o3 

48 

5.85 

6.29 

6.73 

B! 

1.98 

2.  13 

3.37 

2.43 

3,75 

4j 

o.o5 

0.06 

0.06 

49 

'  6*o3 

6.49 

6.94i 

to 

2*44 

3.63 

3*80: 

3,99 
3.56 

3.18 

3.39 

5 

0.06 

0.09 

0.09 

So 

6*23 

6.69 

7*15 

13 

3*90 
3.36 

3.11 

3.33 

3.78 

4«03 

6 

O.I3 

0.  13 

o.i3 

Si 

6*4o 

6.88 

7,36 

U 

3.61 

3.86 

4.11 

4.37 

4.66 

7 

0.16 

0*17 

0.18 

52 

6.58 

7.08 

7.57 

i6 

3.82 

4.10 

4.38 

4.67 

4.97 
5*56 

5.38 

8 

0.30 

0.33 

0.24 

53 

6.76 

7.37 

7.78 

[8 

4*38 

4.53 

4.89 

5,23 

5.90 

9 

0.36j 

0.38 

0,30; 

54 

6.94 

7-46 

7.98 

20 

4.7a 

5.06 

5.4i 

5.76 

6.f4 

6.53 

10 

0.33 

0.34 

0.37 

55 

7.11 

7*65 

8*19 

sa 

5.16 

5.53 

5.91 

6.3o 

6,71 

7.i3 

II 

0.38 

o.4i 

o.44j 

56 

7.39 

7.84 

8.39 
8.58 

a4 

5.60 

5,99 
6.45 

6.4i 

6.83 

7-^7 

7-73! 

12! 

0*46 

0.49 

0,53 

57 

7.46 

8*02 

a6 

6.o3 

6.90 

7*35 

7*83 

8.3ilii3 

0*54 

0.57 

0.61 

58 

7.63 

8,30 

8.78 

33 

6.45 

6.91 

7*38 

7.87 

8.37 

8.89 

i4 

0.63 

0.66 

0.71 

59 

7.79 

8.38 

8*97 

3o 

6.86 

7.35 

7.85 

8*37 

8.91 

9.46 

i5 

0.71 

0.76 

O.fil 

60 

7.96 

8*56 

9*16 

33 

7.37 

7.78 

8,32 

8.87 

9^44 

I0«03 

16 
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95 

63.93 

68. 8 1 

73.69 

64.17 

69.07 

73.98 

64.9a 

69.88 

74.84 

100 

67.08 

72.20 

77.32 

67.33 

73.47 

77.63 

68.12 

73.32 

78.53 

xo5 

70.  t9 

75.55 

fio.91 

70.46 

75.84 

8[.33 

71.28 

76.73 

83.17 

no 

73.27 

71?.  86 

84.46 

73.55 

79.16 

84,78 

74.41 

80.09 

85.77 

ii5 

76. 3r 

82.14 

87.97 

76.61 

83.45 

88. 3o 

77.50 

83.43 

89.34 

130 

79,32 

85.37 

91.43 

79.63 

85.70 

91.78 

80. 56 

86.70 

92,85 

125 

82.28 

86.56 

94.85 

63.60 

88.90 

96.21 

83.57 

80.95 
93.14 

96.33 

t3o 

65.21 

91.71 

98.23 

85.54 

92.07 

98.60 

86.54 

90.76 
io3.i3 

i35 

88.10 

94.82 

101,54 

88.44 

95.18 

101 .93 

89.47 

96.39 

i4o 

90.94' 

97.88 

104.83' 

91.39 

98,35 

105.23 

93,361 

99.40 

106.45 

i45 

93^74 

too.Sg 

108.04 

94.ro' 

101.27 

108.45 

95.20 

102.46 

109.73 

i5o 

96,49 

I03.85 

II1.3I 

96.66 

104.24 

UI.63 

97-99 

io5.46 

112.94 

i55 

99.  so 

1 06 . 76 

114.33 

99,58 

107.17 

114.76 

1 00 , 74 

108.43 

116.10 

160 

lOJ.bS 

109.61 

117.38 

I 03 . 34 

iio,o3 

J17.83 

103.44 

111.33 

no. 31 
i3:»,24 

170 

107.01 

ii5.i6 

133.32 

107.43 

Ii5.6i 

123.80 

108.68 

116,96 

t8o 

III. 97 

120.49 

129,02 

113. 4o 

120.96 

129,52 

113.71 

122.37 

i3i.o3 

190 

116.70 

125.58, 

134.47 

117* t5  j 

126.07 

134.99 

118.53, 

137.54 

136.57 

aoo 

131.21 

1 30.43 

139.66; 

131*67 

130.93 

l4o,30 

133.09 

i3a.46 

i4i.83 

210  1 

135.48 

135.02 

144.57 

135.96 

135.54 

i45.i3 

127.43 

137.13 

146.83 

220  1 

129.51  ' 

139,35 

149* 30 

t3o.oi 

139.69 

149.78 

r3i.53 

i4t.53 

j5i.53 

23o 

133.29 

143.41 

153.54 

i33.8o 

143.96 

i54.i3 

135.36 

145.64 

155,93 

240 

136. 8o| 

147.19 

157.59 

137.33 

147.76 

i58.t9 

i 138.93 

149.48 

160.03 

25o 

i4o.o6 

1 50.69 

t6i.3a 

i4o.6o 

i5i .27 

161 .94 

143.33 

i53.o3' 

163.83 

360 

143. o4 

153.89 

164.75 

143.59 

154.48 

165.38 

145.36 

156.38 

167.30 

270 

145.75 

i56.8o 

167.85 

i46.3i 

167.40 

168. 5o 

148.00 

159.33 

170.46 

380 

i48.t7 

159.40 

170.63 

148.74 

160.01 

171.39 

i5o.47 

161.87 

173.38 

290 

i5o.3i 

161 .70 

173.09 

i5o.89 

162.32 

173.75 

i52.64 

164.30 

175.77 

3oo 

i53.i6 

163.68 

1 75 . 20 , 

162.75 

i64.3i 

175.87 

i54.52 

166.3a 

177.93 

3io 

153.72 

165.35 

178.99 

i54.3i 

165.99 

177.66 

1 56 . 1 0 

167.91 

179.73  ' 

320 

i54*99 

166.71 

178.43 

i55,58 

167.34 

179.11 

167.38 

169.38 

181.19 

330 

155.95' 

167*74 

179.53 

156.55 

168.38 

180. 32 

158.36 

170.33 

I 8a. So 

340 

i56,63 

168.45 

180.29 

l57,22 

169.10 

180. 98I 

1 59 . o4 

171.06 

183.07 

35o 

156.99 

168.85 

180,70 

167,59 

169.49 

181.39 

159.43 

171.45 

183.49  1 

36o 

157.06 

168.92 1 

180.77 

167.66 

169.56 

181. 46 

159.49 
1 59 . a5 

171.52 

IB3.56 

370 

167.43 

169.31 

181.18 

171,36 

1S3.37 

38o 

j58,72 

170.68 

182.64 
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i5 
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3o 
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33.77 
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i5.3o 
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30.57 
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17.64 
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45 
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6o 
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35.61 

39.10 
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36.94 
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56*76 
60.69 
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77.37 
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86*17 
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79.75 
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85.42 
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iSo 
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Ii5,i7 
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111,43 
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lod.So 
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115.78 
119.34 
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137.73 
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133.73 
138.87 

131.74 
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137,39 
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148*70 
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128.87 
133.84 
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i48.5i 
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t34.ii 
t38.o3 
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i45.oa 
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i48.5i 
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f56.o3 
159.35 
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137.88 
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149,10 
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i4S,36 
i5a. 68 
1 56 , 70 
160.43 
i63.8a 

153.93 
158.85 

163.47' 
167.77 
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175.38 
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143.00 

147. iC 
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i54*6a 
157.90 
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i62*5i 
166.36 
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169.54 
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163.35 
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167.43 
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i63*6i 
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184.34 
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188.38 
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167.94 
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163.53 
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163.37 
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186.65 
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167.14 
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166.33 
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179,87 
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173.30 
173*04 
173,45 
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165.45 
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19S.95 
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199.14 
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160.97 
159.81 

173.09 
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165.311 

183.87 

165.45 
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160.94 

177,91 
176,63 
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173.04 
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187.34 
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168*73 
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179*40 
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^ARALLAX     IN     DEGLIIfATIQN 
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Hour 
O 

53^ 

57^ 

1     6P 

53^ 

57' 

61' 

53' 

57' 

61' 

2160. C 

2325.2 

3490.5 

1945.9 

3094.7 

2243.6 

1716.3 

1847.7 

1979,3 

20 

2 1 60 , 0 

2325.1 

2490.4 

1946.6 

2095.5 

2244,6 

1717.8 

1849.3 

1981,1 

^H 

4o  , 

2i5ij.8 

2324.7 

3490.0 
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2097.6 

2247,0, 

1733.4 

1854, 2 
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21S9.3 

2324^2 

3489.3 
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2101 .5 
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1729.9 

1862.3 

1994.9 

do 

2i58,6 

2323.4 

2488.4 

1957.2 

2106. S 

2256.6 

1740.4 

1873.5 

aoo6*9 

100 

2157.8 

2329.4 

2487.3 

1963.5 

2113.5 

2263.7 

1753.7 

1887.8 

3022.2 

t20 

2156.8 

2321 .3 

2486. 0 

1971,0 

2121.5 

2272.2 

1769.7 

1905,0 

2o4o.5 

t4o 

2i55.e 

2319.9 

2484.4 
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2i3o.8 
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2i54,3 

23i8.3 

3482.6 
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23i6.6 

i48o,7 
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23o5.7 
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23i4.8 

2478.6 
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3165.8 
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i858.a 
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2476.3 
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2179.4 
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3310.7 

2473.8, 

3o3S.9 
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3349.1 

1914,4 

3060 . I 

3206. I 
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2145,7 

23o8.4 

2471.3 

2053.I 

2209.1 

3365.2 

1944,7 

3092 . 6 

2240, 8 

280 

2143.7 

23o6.i 

2468.6 

2067 . 9 

2224 -9 

3381.9 

1976.2 

2126.4 

2276,8 

3oo 

2i4i*7 

23o3.8 

3455.9 

3083, a 

3241, I 

2399.1 

2008.7 

3l6l .3 

33i3.9 

320 

2139.6 

3301.3 

2463.1 

2098,7 

2257.7 

2416.7 

2o4i.8 

2196.7 

235i,7 

340 

2137.5 

2298.9 

2460.3 

2114.5 

2274.4 

2434.4 

2075.3 

2232.6 

2389,9 

36o 

2t35.3 

2296.4 

3457.5 

2i3o.3 

3291.3; 

9452.3 

2109,0 

3268,7 
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33o4,6 
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Hot* 
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lUiw. 
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6P 
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53' 
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0 
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2325.2 

3490.5 

2357.3 
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2536.1 

3739.4 

2923,0 

20 
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2534,4 

2727.6 

2921,0 

40 
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3324.7 
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3533.4 

2713. 2' 

2529,3 

2722.1 

2915,1 

Go 
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2324.3 

2489.3 

2349,3 

3528.5 

3708.0 

2520,9 

2712.9 

2905.3 

80 

2i58.6 

2323.4 

3488.4 

2343.1 

a59i.7 

2700-7 

3509.1 

2700,2 

2891 ,6 
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2157.8 

3322.4 

2487.3 

3335.2 

a5i3.t 

2691.4 

2494,2 

2684,1! 

3874.3 
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2156.8 
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2486. 0 

3325,6 

3502.8 

2680.3 

2476.3 

2664 . 7 

2853.4 

i4o 

2155.6 

2319.9 
23i8.3 

2484.4 

33i4.5 

2490.8 

1    2667.2 

2455.5 

2642.2 

2829.1 
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2i54,3 

2482.6 

2302*I 

a477»2 

3652.5 

2431.9 

2616.7 

2601.71 

iBo 

2t52.8 

23i6.6 

2480.7 

3288.3 

3462,1 

3636.3 

24o5.8 

2588.5 

2771.3 
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a3i4.8 

2478.6 

2273, 1 

2345.8 

2618.5 

3377,4 

2557.7 

3738,2 
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33l2.8 

3476.3 
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2428.2 

2599,5 

2346,9 

3524,7 
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2i47'6 

a3io.7 

2473.8 

2339.7 

2409.5 

3579.4 

33i4.5 

2489.7 

2665,0 

260 

2145,7 

23o3.4 

2471*3 

2221.7 

2389.9 

3558.3 

3280.6 

2453.0 

3625.5 
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2143,7 

23o6 . I 

2468.6 
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3369.6 

2536.4 

2245.3 

2414.9 

2584.5 
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2l4l*7 

23o3.8 

a465.9 

2183.7 

2348.7 
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2375.7 
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2337.4 
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3335.7 
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2460.3 
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2296,4 
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61' 

O 
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20 
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1701.7; 
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io 
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1595.9 
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1709.7 

1330.7 

i3a5.o 

1419.5 

969,2 

1043. S 

1118.0 

60 

1493*9 

1733.9 

1346.0 

i34i.5 

1437.2 

988.3 

I 064 . 1 

ii4o,i 

'  do 

t5o9,8 

1635.4 

1741.3, 

1367.4 

1364.5 

t46i.e 

1014.6 

1093.'; 

1170.7 

100 

i53o.i 

164? -a 

1764.6 

1994*5 

1393.6 

1493.0 

io4e.e 

1129. c 

i   1209.6 

ISO    1 

1554.5 

1673.5 

1793.7 

1327, 1 

i4s8.8 

i53o.6 

1089.3 

1173.6 

1256.5 

i4o 

i5d3.9 

1704.Q 

1825.3 

1365.1 

1469.6 

i5i5.8 

1574.3 

1136.S 

isa3.C 

J    i3io.9 

160 

16 t 5.0 

1738.5 

186a. 3 

i4o8.o 

1623.8 

1189,9 

1281.1 

1373.5 

180 

t 650.6 

1776.7 

1903. I 

1455.6 

1566.9 

1678.5 

1 249 . I 

i344.e 

1440.7 

aoo 

1689.3 

1818.3 

1947.6 

1507.3 

i6a2.6 

1738.1 

i3i3.i6 

i4i4.2 

i5iS.o 

330 

1730,9 

1863.0 

1995.3 

1562.9 

1683,3 

i8oa.o 

1382.7 

14S8.6 

1594.7 

240 

1775*0 

1910.4 

2045.9' 

1631 .9 

1745.7 

1869.8 

I456.I 

1567.5 

1679.2 

a6o 

1821.3 

1960.0 

3098 .9 
2154^1 

1663.7 

1812.2 

1940.9 

1533.1 

i65o.3 

1767.8: 

280 

1869.3 

2011.6 

1747.9 

1881. a 

3014^7 

161 3.1 

1736.3 

1859.8 

3  00 

1918.8 

3064.7 

3310.8 

1814.1 

1953.3 

2090,6 

1695.4 

i8a4.8 

1954.4 

3ao 

1969.3 

3118.9 

3368.6 

1881,6 

2oa4.8 

2168. I 

1779.5 

1915.3 

205l.0 

340 

2020.4 

3173.7 

3327.1 

1949.9 

3098 , 2 

3346.5 

1864.6 

2006 , 6 

2148.8 

36o 

2071 .7 

223S.8 

2385.9 

2018.6 

3171.9 

2325.3 

1950. I 

2098.4 

2346.9 

ado 

2122.9 

2283,7 

2444.5 

2087.1 

2245.4 

24o3.8 

3o35.3 

2190.0 
3260.6 

2344.8 

4oo 

3173.6 

3333.0 

35oa.5 

21 54.8 

a3i8.i 

2481.4 

2119.7 

s44t .6 

4ao 

2231 .4 

3389.5 

2557.6 

22oa , 5 

2369.5 

3536.5 

44o 

2283.2 

3456.1 

2629 «o 

^OR     C 

AMBEI 

DOE  Observatory,  Lat,  42^  22'  48" 

,6. 

Moon*!  XI 

ue  DefUxiai 

loa,  1S°  S. 

McMtl'tt  W 

Li«  DeelLDAilOQ,  30^  S. 

Moon's  tri 

IB  IkicLiiiMUati,  25°  S. 

Hor 

isflalil  Pan 

lUftx* 

Hon 

zontaJ  Panllax. 

Bofitontal  Panajm.           | 

Hcmr 
Aiutto, 

53^ 

57' 

6P 

53' 

57' 

61' 

53'    1 

57' 

61' 

m. 
0 

2694*9 
2693.5 

2900 . 1 

3io5.6 

3833.8 

3o48.3 

3a63.8 

2948.6 

3172.5' 

3396.6 

ao 

3897.5 

3ioa,7 

2829.5 

3044.7 

3260,1 

3944.6 

3i68,a 

3393.0 

4o 

2685.0 

2889.4 

3094 • 0 

2819.8 

3o34.2 

3248.8 

2933,7 

3i55.4 

3378.2 

60 

3673.7 

3876.1 

3079.7 

a8o3.8 

3016.9 

3230.2 

2913.0 

3i34.i 

3355.3 

do 

2655.6 

3857.6 

3059.91 

3781.4 

3992.7 

3204.2 

2885.6 

3io4.5 

3323.6 

100 

2633.9 

3834-2 

3o34.6 

3753.0 

3962*1 

3171.3 

3850.8 

3067.0 

3383.3' 

130 

2607.7 

a8o5,9| 

3oo4 . 3 

3718.8 

3935.1 
adSa.a 

3r3i.6 

2808.9 

3031.7 

3234-7 

i4o 

3577.3 

2773.0 

2968,9 

2679,1 

3o85.5 

3760.1 

2969. J 

3178.2 

160 

3542.9 

3735.9 

2928,9 
a884.7 

2634,1 

2883, 7 

3o33.4 

3705.0 

2909.7 

3ii4.4 

180 

25o4.8j 

3694.7 

2584.3 

2780.0 

2975.7 

2643.9 

2843.8 

3043.7 

300 

3463.3 

3649.8 

3836.5 

a53o.i; 

2731.5 

3913.9 

2577.4 

3773.0 

3966*7 

aao 

a4i8.7 

2601.7 

3784. s 

3471.9 

2658,7 

3845.5 

a5o6,o 

2695*1 

2884*1 

340  , 

2371.5 

355o.7 

3730.0 

24t0.2 

3592.11 

3774.0 

2430.3 

2(>l3.4 

3796.5 

360 

a32i .9 

3497.3 

2673,5 

2345.4 

2523.2 

3699.0 

3350.9 

35s7  ,8 

3704.7 

a8o 

2270.4 

a44i.6 

3613.9 
355iJi 

3377,1 

2449.6 

8631.1| 

3oo  , 

2217.4 

3384.5 

i 

384 


Table  IVII. 

ParallaeHc  Angles  for  the  Latitude  of  WashingUm  Observatory. 


»* 

Hour  Angle 

10° 

200  1    300 

40O 

50O 

60° 

70O 

800 

900 

1000 

1100 

o 

e 

d 

o 

« 

0 

« 

9 

& 

0 

0 

0 

r- 

37,8 

544 

60.7 

63.9 

63,1 

63.1 

60.3 

58.0 

55.0 

5i.4 

47.3, 

35.3 

53.1 

59,0 

61 .6 

63.1 

61.4 

59.8 

57.6 

54.7 

5i.3 

47. 3i 

37 

33.1 

5o.D 

57.3 

60 .3 

6!. I 

60.7 

59.3 

57.3 

54.5 

51.3 

Al.i 

a6 

3i.o 

48. 0 

55.7 

59.1  , 

60.3 

60.0 

58.7 

56.8 

54.3 

5r.o 

47.a 

aS 

39.3 

46.1 

54.2 

58.0 

59.3  [ 

59.3 

58.3 

56.5 

,  54-0 

50.9 

47.a 

34 

37*6 

444 

52.8 

56.8 

584 

58.6 

57.7 

56.1 

53.8 

5o.8 

47.=  ' 

a3 

36.3 

43.7 

5i4 

55.7 

57.6 

57-9 

57.3 

55.8 

53.6 

5o.7 

47. a 

33 

24.9 

4t.3 

5o.t 

54.7 

56.8 

57.3 

56.8 

55.5 

53.4 

5o.6 

47. a 

SI 

33.7 

39,8 

48.8 

53.6 

55,9 

56.7 

56,3 

55.3 

53.2 

5o.6 

30 

33.6  1 

38.4 

47. e 

5a. 6 

55.2 

56.  J 

55.9 

54.8 

53.0 

tfo.5 

;g 

21.7 

37.1 

46.4 

5J.7 

54.4 

55.5 

55.5 

54.6 

53.8 

5o.4 

30.8 

36. 0 

45.3 

50.7 

63.7 

54.9 

55.1 

54^^ 

53.7 

5o4 

17 

19.9 

34.8 

44.3 

49.8 ; 

53.9 

54.4 

54.7 

56.0 

5s. 5 

5o.3 

i§    i 

19.3 

18*5 

33.8 

43.3 

49-0 

53.3 

53.9 

54.3 

53.7 

53.4 

5o-3 

i5 

33.8 

43.3 

48.3 

5i.6 

53.3 

53.9 

53.5 

52.3 

5o.3 

14 

17.8 

31.9 

4i4 

474 

5o.9 

52.8 

53.5 

53.3 

53.1 

'  5q.3 

i3 

17.3  , 

3i.o  j 

4o.5 

46.6 

5o.3 

52.3 

53.2 

53.0 

52,0 

5o.3 

13 

16.7 

3o.3 

39.6 
38.8 

45.8 

49.7 

51.9 

52,8 

53.8 

5i.9 

5o.2 

IE 

16. a 

394 

45.1 

49^. 

5i4 

53.5 

52.6 

5i.8 

10 

15.7 

28.7 

38. 0 

444  [ 

48,5 

5i.o 

52.3 

53.4 

51.7 

9       ' 

l5.3 

38.0 

37.3 

43.7 

48. 0 

5o.5 

51.9 

52.2 

5i,6 

8 

14^8 

27.3 

36.6 

43.1 

474 

5o.i 

5i.6 

52.0 

5i.6 

7 

U4 

26.7 

35.9 
35.1 

43.5  ' 

46.9 

49.7 

5i.3 

5i.8 

5i.5 

^ 

i4«o 

26.1 

4i-9 

464 

49.3 

5i.o 

5i.7 

5i.4 

5 

13.7 

35.5 

34.7 

4r.3 

45.9 

48.9 

50.7 

5i.5 

5r.4 

4 

i3.4 

35.0 

34.1 

40.7 

45.4 

48,6 

5o.5 

5j4 

5i.4 

3 

13. 1 

24.5 

33.5 

40'3 

45.0 

48.3 

5o,3 

5l.3 

5i.3 

3 

13.8 

24.0 

33.0 

39.7 

44-5 

47^9 

5o.o 

5i.i 

5i.3 

iN. 

13.5 

33,5 

33.5 

39.3 

44.1 

47-5 

49.8 

Si.o 

5i.3 

0 

13.3 

23.1 

33.0 

38.7 

43.7 

47.3  1 

49-5 

5o,9 

5i,3 

I  S. 

13.0 

33.7 

3i.5 

38.3 

43.3 

46.9 

49-3 

5o.8 

2 

11.7 

33.3 

3i.o 

37.8 

43.9 

46.6 

49-1 

50.7 

3 

n.5 

ai,9 

3o.6 

374 

43,6 

46.3 

49.0 
43.8 

5o.6 

4 

11.3 

31.6 

30.3 

37.0 

43.3 

46.1 

5o.5 

5 

ii»i 

31  .2 

39.8 

36.6 

41.9 

45.8 

48.6 

5o.5 

6 

10.9 

30.9 

29.4 

36.2 

41.6 

45.6 

48.5 

5o.4 

7 

10.7 

30. 6 

39.0 
38.7 

35.9 

35.5 

4l.3 

45.3 

48.3 

5o.3 

9 

10.6 

20,3 

40.9 

45.1 

48.2 

5o.3 

9 

10.4 

20,0 

38.3 

35.3 

40.7 

44.9 

48.0 

5  0.3 

JO 

la.a 

19.8 

a8.o 

34.9 

40.4 

44.7 

47-9 

5o.3 

II 

10. t 

19.5 

27.7 

34,6 

4o.t 

44.5 

47-8 

5o.3 

IS 

10. 0 

19.3 

37.4 

34.3 

39.9 

44.3 

4? '7 

So. 3 

i3       1 

9.8 

19.0 

18.8 

27.1 

34.0 

39.6 

44.1 

47.6 

5o.3 

U 

9*7 

26.9 

33.7 

394 

43.9 

47-5 

i5 

9.61 

i9,6 

36.6 

33.5 

39.2 

43.8 

47^5 

t6 

9-5 

18.4 

36.4 

33.2 

39. D 

38.8 ; 

43.6 

474 

I17 

9.4 

18.3 

26,1 

33.0 

43.5 

47-3 

18 

9.3 

18.0 

25.0 

33.8 

38.6 

43.4 

47.3 

19 

9,3 

17.8 

35.7 

33.5 

38.4 

43.3 

47*a 

20 

9.1 

17-7 

35.5 

33.3 

38.3 

43.1 

47-a  , 

31 

9.0 

17.5 

35. 3 

33.3 

38.1 

43.0 

47.3 

33 

a.9 

17.3 

35.1 

33.0 

37*9 

43.0 

47*a 

33 

8.8 

17*1 

34-9 

3i.8 

37.8 

43.9 

47-3 

34 

8.7 

17^1 

34.8 

3i.6 

37.6 

43.8 

47.3 

35 

8.6 

16.9 

34.6 

31.5 

37.5 

42.7 

i 

36 

8.6 

16.8 

34.4 

3i.3 

37.4 

43.7 

1^7 

8.5 

16.7 

34.3 

3l.2 

37.3 

43.6 

38 

84 

16.6 

s4.3 

3i.i 

37.3 

43.6 

3,S, 

8.4 

j6<5 

34.0 

30.9 

37.1 

43.6 

Table    XVIII. 


385 


Corrertion  to  be  adtlcd  to 

th€ 

MomCt  Declinatim  in  computings  mt 

Occultation 

frr  EclipMt. 

D«. 

BllRTvnet  of  Rlcht  Aftecnsion.                                                                | 

^ 

10' 

lb'\2ty 

25^ 

30^  35' 

40'  45', 

5(y 

55' 

GC 

G5'  \  7(y  1  75' 

80' 

85'  1  90' 

o     o 

0,0 

0*0 

0,0 

0,0 

0.0 

0,0 

0,0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

O.Cj 

0.0 

0.0 

o  3o 

o*o 

0.0 

0.0 

0,0 

Q.O 

0.1 

0.1 

O.J 

0.2 

0.3 

0.2 

0.3 

0.3 

0.4 

0.4 

0.5 

0.5 

o.e 

J      o 

0.0 

0.0 

0.0 

0. 1 

O.I 

0.1 

0,3 

0.2 

0.3 

0.4 

0.5 

0.5 

0.6 

0.7 

0.9 

£.0 

1 .1 

I .: 

X   3o 

0.0 

0.0 

0,1 

0.1 

o,t 

0.3 

0.3 

0,4 

0.5 

0.6 

0.7 

0.8 

1 ,0 

1 .1 

1.3 

1.5 

17 

l.i 

»      o 

0.0 

0.0 

0.1 

o.t 

0.3 

0.3 

0.4 

0.5 

0.6 

0.8 

0.9 

1,1 

1.3 

1.5 

'•7 

1.9 

a. 2 

a.. 

2   3o 

0.0 

0.0 

O.I 

0.2 

0.3 

0.3 

0.5 

o.G 

o.d 

1.0 

1 .2 

1.4 

1.6 

1.9 

a. I 

2.4 

2.8 

3.i\ 

3     o 

0,0 

0,0 

O.I 

0,3 

0,3 

0.4 

0.6 

0.7 

0.9 

1,1 

1.4 

1.6 

1.9 

3«a 

a. 6 

2.9 

3.3 

3.7 

3  3o 

0.0 

0.  1 

0. 1 

0.2 

0,3' 

0.5 

0.7 

0.9 

r.i 

1.3 

1.6 

1.9 

9.3 

a. 6 

3,0 

3.4 

3,8 

4.3 

4     o 

0.00.1 

o»i 

0,3 

0.4 

0.5 

0,7 

1 .0 

1 .3 

1.5 

i,S 

a. 2 

3.6 

3,0 

3.4 

3.9 

4.4 

4.9 

4  3o 

o.oio.  r 

0.2 

0.3 

0.4 

0,6 

0.6 

I ,  t 

1.4 

1.7 

2.1 

a. 5 

2.9 

3.3 

3.8 

4.4 

4.9 

5.5 

5     o  a .  0 

o.l 

o.a 

0.3 

0.5 

0.7 

0.9 

I  .3 

1.5 

t.9 

3.3 

2.7 

3.3 

3.7 

4.3 

4.8 

5.5 

6.1 

5  3o 

0.0 

0. 1 

0.2 

0.3 

0.5 

0.7 

1 .0 

1.3 

1.7 

a.  I 

2.5 

3.0 

3.5 

4.1 

4.7 

5.3: 

6,0 

6.7 

6     o 

0.0 

0. 1 

0,3 

0.4 

0,6 

0*6 

1 .1 

1.4 

1.8 

2.3 

2.7 

3.3 

3.8 

4.4 

5.1 

5.8 

6.6 

7.3 

6  3o 

0,0 

0.1 

0.3 

0.4 

0.6 

0.9 

1.2 

1.6 

3.0 

a. 5 

3.0 

3.5 

4.1 

4.8 

5.5 

6.3 

7*1 

8.C- 

7     0 

0.0 

O.I 

o.a 

0,4 

0.7 

I.O 

1.3 

1-7 

2.1 

a. 6 

3.2 

3.8 

4.5 

5.2 

5.9 

6.8 

7.7 

8.6 

7  3o 

0.0 

0,  t 

0.3 

0,4 

0.7 

I.O 

1.4 

1.3 

2.3 

a.s: 

3.4 

4.1 

4.8 

5.5 

5.3 

7.3 

8.3 

9.1 

8     o 

0.0 

O.I 

0.3 

0,5 

0.8 

1 .1 

1.5 

1.9 

a. 4 

3.0 

3.6 

4.3 

5.1 

5.9 

6.8 

7*7 

8.7 

9.7 

8  3o 

0.00. 1 

0.3 

0.5 

0.8 

[.I 

1.6 

2.0 

2.6 

3.2 

3.9 

4.6 

5.4 

6.3 

7.2 

8.2 

9,2 

10.3 

9     o 

0.00. 1 

0.3 

0.5 

0.8 

1.3 

i»7 

a. 2 

2.8 

3,4 

4.1 

4*9 

5.7 

6.6 

7.6 

8.6 

9.8 

to.91 

9  3o 

o,o|o.  1 

0, 3jO,6 

0.9 

1.3 

t.8 

2.3 

2.9 

3.5 

4.3 

5,1 

6.0 

6.9 

8.0 

9.1 

10.3 

n.5 

lo     o 

a. 0*0. 1 

0 .  3  0 . 6 

0.9 

1.3 

I  .b 

2,4  J-o 

i.7 

4.5 

5.4 

6.3 

7.3    ».4 

9.6 

10,8  1 3 . 1 i 

lo  3o 

0,00.2 

0.30.6 

[  .0 

1.4 

1.9 

a. 53. a 

3.9 

4.7 

5.6 

6.6 

7-7 

6.8 

10.0 

11.3 

13.6 

ri     o 

0,00.2 

0.4 

0.7 

1 ,0 

t.5 

3.0 

2,63.3 

4.1 

5.0 

5.9 

6.9 

8.0 

9.2 

[0.5 

11.8 

l3.2 

II   3o 

0.0  0.2 

o*4 

0.7 

1 .1 

1.5 

a. I 

a. 73. 4 

4.2 

5.2 

6.1 

7,3 

8.3 

9.6 

10.9 

13.3 

i3.5 

12       O 

0.0  0«3 

0-4 

0.7 

f  .1 

t.6 

2.3 

3.83.6 

4.4 

5.4 

6.4 

7.5 

8.7 

10.0 

11.4 

12.8 

14.4 

12   3o 

o.i  0.2 

0.4 

0.7 

1 ,1 

t.6 

3.3 

3.93.7 

4.6 

5.0 

6.6 

7.8 

9.0 

10.4 

11.6 

j3.3 

14.9 

l3     o 

Q,l  0.3 

0.4 

0.8 

1.2 

t-7 

3.3 

3.13.9 

4.6 

5.8 

6.9 

a. I 

9.4 

10.8 

13.2 

i3.8 

i5.5 

i3  3o 

0,  I  0.2 

0.4 

0.8 

t  .2 

t.8 

a. 4 

3.3'4.o 

5.0 

6.0 

7'' 

8.4 

9-7 

It  .1 

12.6 

,r4.3 

16.0 

i4     0 

0,1  0.2 

0,5 

0.8 

1,3 

1.8 

2,5 

3.3 

4.2 

5.1 

.  6.2 

7.4 

8.7' 

to.o 

U.5 

l3.l 

i4.8 

16.6 

i4  3o 

0. 1,0.2 

0.5 

0,8 

1.3 

1.9 

3.6 

3.4 

4.3 

5.3 

6.4 

7.6 

8.9 

10.3 

11.9 

i3.5 

i5.3 

17.1 

i5     o 

0.  lIo,2 

0.5 

0.9; 

r  .4'3.o!2.7 

3.5.4,5 

5.5 

6.6 

7-9 

9.2 

10.7 

12.3 

t4.o 

i5.b 

»7*7 

i5  3o 

O.I  o.a 

0.5 

0.9; 

1.4 

3.0 

2,6 

3.6)4.6 

5.6 

6.8 

8.1 

9.5 

11. 0 

12.7 

i4.4 

1G.3 

18. 2 

i6     0 

0. 1  0,2 

0.50,9 

1.5 

a. I 

2.9 

3.7 

4.7 

5.8 

7,0 

8.3 

9.8 

11.3 

i3.o 

i4.8 

16.7 

18.7^ 

te  3o 

0. 1 

0.3 

o.Sjo.g 

1.5 

3.1 

2.9 

3.6 

4.8 

5.9 

7.2 

8.6 

to.o 

II. 6 

13. 4 

l5.2 

17.2 

19. s 

17     0 

Q*l 

0.2 

0.5 

I  .0 

1,5 

2.3 

3.2 

3.9 

5.0 

6.1 

7.4 

S,B 

10.3 

13,0 

i3.8 

i5.6 

17.7 

19.^ 

11  3o 

o.t 

0.3 

o.G 

1,0 

1.6 

2.3 

3,1 

4.0 

5.1 

6.3 

7.6 

9.0 

10.6 

12.3 

i4.i' 

16.0 

18. 1 

20,8 

18     0 

0,1 

0.3 

0.6 

1*0 

t,e 

2.3 

3.1 

4.1 

5.26.4 

7.8 

9.2 

10.9 

12.6 

i4.5 

16.4 

18.6 

20.^ 

18  3o 

O.I 

0.3 

Q.6 

1*0 

1.6 

a,4 

3. a 

4.2 

5.36.6 

d.o 

9.5 

II  .1 

12.9 

14.8 

16.8 

10. 0 

21.3 

19     0 

0.1 

0.3 

0.6 

1 .1 

1-7 

a.4 

3.3 

4.3|5.5|6.7 

8.2 

9.7 

II. 3 

l3.2 

l5.2 

17*2 

19.5 

31.8 

19  3o 

0.1 

0.3 

0.6 

1 .1 

1-7 

2.5 

3,4 

4.4 

5.6I6.9 

8.3 

9.9 

1 1.6 

i3.5 

i5.5 

17.6 

IQ.9 

22.2 

30       0 

0,  I 

0.3 

o,6|i.i 

1.8 

2.5 

3.5 

4.5 

5.7 

7.0 

t*.5jiu,i 

II. 9 

13.7 

i5.8 

ib.o 

ao.3 

22.7 

30  3o 

0,1 

0.3 

0.6 

1 .1 

1.8 

3.6 

3.5 

4.6 

5.8 

7*^ 

8.7 

10.3 

[2.1 

i4.o 

16,1 

18.3 

20.7 

33.2 

21     0 

o«t 

0.3 

0.7 

1.2 

1.6 

2.6 

3.6 

4.7 

5.9 

7.3 

8.9 

10.5 

12.4 

i4.3 

16.5 

18.7 

31. I 

33. e 

21    3o 

0, 1 

0.3 

0.7 

1.2 

»  9 

^•7 

3.6 

4.8 

6.0 

7*4 

9.0 

10.7 

I  2  .  G 

i4.6 

16,8 

19.1 

21.5 

24.1 

22       0 

O.I 

0,3 

0.7 

t  ,2 

1.9 

3.7 

3.7 

4-8 

6.2 

7.e 

9.2 

10.9 

13.8 

M'9 

17.1 

19.4 

21.9 

24. e 

22    3o 

o.t 

0.3 

0.7 

1.2 

1.9 

3.8 

3.S 

4-9 

6.3 

7*7 

9*4 

ti.i 

i3.o 

i5.i 

17.4 

19.8 

22.3 

a5.c 

al     0 

0.  t 

0.3 

0.7 

u3 

2.0 

2.8 

3.9 

5.0 

6.4 

7.8 

9^5 

If. 3 

i3.3 

1 5. 4 

17.7 

ao.i 

aa.7 

35.4 

23  3o 

0.1 

0,3 

0.7 

1,3 

3.0 

2.9 

3.9 

5.1 

6.5 

8.0 

9-7 

II. 5 

i3.6 

i5.7 

18.0 

90,5 

aS.t 

aS.c 

a6.3 

a4    0 

0,1 

0,3 

0.7 

1.3 

2«0 

2.9 

4.0 

5.356.6 

8.1 

9.9 

11,7 

i3,8 

15.9 

18.3 

20.8 

23.5 

i4  3o 

>.  ilo,3 

o,7fi.3 

2.  I 

3.0 

4.0 

5. 3,6. 718. 3 

lo.o 

11.9 

13.9 

16. 1 

18.5 

21  ,t 

33.9 

26.7 

a5     0 

O.I  0.3 

0.7  1 .3 

2.1   3.0 

4.1 

5.3  6.8 

8.4ito,i 

12.0 

a.  I 

16.4 

18.8 

121.4 

24. a 

37,1 

25  3o 

o.i!o,3 

0.8  1.3 

3.1  3.0 

4.2 

5.4  6.9 

3,5 

to. 3 

ia,2 

i4.3 

16.6 

19.1 

21.7 

24.5 

37.5 

26     0 

0,1 

0.3 

0.8 

t.4 

2.3 

3.1 

4.3 

5.57.0 

8.6 

10,4 

12.4 

i4.5 

16,8 

19.3 

23.0 

fl4.9 

37.5 

26  3o 

0,1 

0.3 

0.8 

1.4 

3.3 

3.1 

4.3 

5.67.1 

8.7 

to. 6 

12.6 

14.7 

17.1 

19.6 

29.3 

aS.a 

aS.s 

37     0 

0.1 

0.3 

0.8 

,1.4 

a.s 

3.2 

4.4 

5.67.1 

8.8 

10.7 

13,7 

i4*9 

17.3 

19.9 

93.6 

35.5 

38.6 

27  3o 

O.l 

0.4 

0.8 

1.4 

2,3 

3.2 

4.4 

5.77.2 

8.9 

to. 8 

13.9 

i5.i 

17.5 

30.1 

22.9 

25.8 

28. c 
39.3 

2d       0 

0,1  0.4 

0,8 

1.4 

3.3!3.3 

4.5 

5.87.3 

9.0 

to. 9 

i3.o 

t5.3 

17.7 

ao.4 

23.2 

26.2 

28  3o 

0, 1  0,4 

0.8 

r.5 

3.33.3 

4.515.97,4 

9.1 

tf  .1 

i3.2i5.5 

17.9 

30.6 

23.4 

26.5 

29.0 

29     0 

0. 1(0.4 

0.8 

1.5 

3.33,3 

4.515.9I7.5 

9.3 

tt.2 

i3.3i5.6 

18.1 

ao.6 

23.7 

26,8 

i30.n 

L 


Bb 


r 

3S6 

Table  XIX. — Semj-diuknal   Arcs.         ^^^I 

1 

^^H 

LEtimd«  erf  the  Place. 

H 

40      80     100  1  120 1  140 

160 ! I80 

200 1 220 

240I260  28o|30o|32o 

0 

A.    m.\h.    m. /t.    m,  hy   m.  h.    m. 

h.    m,h,    m. 

h.    m.\h. 

m. 

A.    m.\k.    m.  A.    m.h,    m,\k,    m 

^^^H 

If- 

6     9 

6  t8  6  i!2  6  276  32 

6  37:6  At 

6  47 

6 

52 

6  57 

7     ^^17     8!7  i5 

7  21 

^^^^H 

6     9 

6   176  2i|6  aO  6  3o 

6  3516  4o 

6  45 

6 

5o 

6  55 

7     0 

7     6 

7  11 

7  18 

^^^H 

27 

0     8 

6  t6.6  21  6  sS  G  29 

5  34i6  38 

'6  43 

6 

48 

6  52 

6  58 

7     3 

7     6 

7  14 

^^^^H 

26 

6     6 

6  166  20 '6  24  6  aB 

6  32 

6  36  6  4i 

6 

45 

6  5o 

6  55 

7     0 

7     5 

7  11 

^^^H 

aS 

6     7 

6  156  196  236  27 

6  3i  6  35}6  39 

6 

43 

6  48 

6  53 

6  57 

7     2 

7     ^ 

^^^H 

34 

6     7 

6  i4  6  1^6  23  6  35 

6  296  33^6  37 

6  4t 

6  46 

6  5o 

6  55 

7     0 

7     5 

^^^H 

23 

6     7 

6  i4;6  176  216  34 

6  286   32I6   36 

6 

39 

3b 

6  44 

6  48 

6  5a 

6  57 

7     2 

^^^^H 

22 

6     616   I'iG  166  2o'6  33 

6   27  6  3o!6  34 

6 

6  4i  6  45 

6  5o 

6  54 

6  59 

1 

^H 

21 

6     66   12a   i6'6   [96   22 

6  25)6  29 

6   32 

6 

36 

6  396  43 

6  47 

6  5i 

6  56 

ao 

6     0  6  viij  156  iii!6  31 

6   24 

6  27 

b   3o 

6 

34 

b  37  b  41 

10  4510  4q 

b  53 

^^^H 

\l 

6     m  ri  6  i4  6  i7!6  20 

6   23 

6  26 

6  29 

6 

32 

6  35  6  39I6  42 

6  46 

6  5o 

^^^^H 

6     5(6  106  i36  166   19 

6   21 

6  24 

6  376 

3o 

6  33;6  30 

6  4o 

6  43 

6  47 

^^^H 

17 

6     5  6  1016  13  6  iSIg  17 

6   30 

6  23 

6  266 

28 

6  3i 

6  34  6  37 

6  4i 

6  M 

^^^H 

16 

66696  136  a  6   16 

6    10 

6    31 

6  24  6 

27 

6  29 

6  3216  35 

6  38 

6  4i 

^^^^H 

i5 

6    4l6     96  II  6  i3  6   i5 

G    18 

6  20 

6    22^6 

25 

6  27 

6  3o|6  33 

6  36j6  39 

^^^H 

i4 

6    4(>    86  106  i2'6   i4 

6    16 

6   19 

6  2i|6 

23 

6  25 

6  28r6  3o 

6  33i6  36 

1 

^^^H 

t3 

6    46     76    96  116   i3 

6    i5 

6  n 

6   106 

21 

6  24 

6  26  6  28 

6  3i 

6  33 

^^^H 

12 

6     3  6     76     96  106   12 

6     3  6     6  6     s\6     96   n 

6   J  4 

6   iG|6   186 

20 

6  22 

6  24  6  s6 

6  28 

6  3i 

^H 

ti 

6   i3 

6    U6   jG6 

lb 

6   20 

6  22 16  s4 

6  36 

6  28 

to 

6     3i 

6     66     7|G     96   10 

6    12 

6    I'd 

6   j5 

ki 

16  U     l^ib    30|t)    32 

0  23|b  25 

^^^H 

9 

6     3 

6     5  6     6'6     ti6     9 

6   10 

6     12 

6   i3 

6 

i5  6   i6 

6  i8|6  IQ 

6  31  6  23 

^^^H; 

8 

6     2 

6     5 

6     66     76     8 

6     9 

6   10 

6     13 

6 

i3  6    t4 

6   16 

6  17 

6  19  6  20 

^^^H 

7 

6    2 

6    4 

6     56     60     7 

6     8 

1 1 

6   10 

6 

II 

6   i3 

6  i4 

e  i5 

6  166  18 

^^^H 

6 

6     3 

6     3 

6     4'6     56     6 

6     7 

6     9 

6 

10 

6   It 

6   12 

6  i3 

6  i4'6  i5 

^^^^H 

5 

6     t 

6     3 

6     4'6    46     5 

6     6 

6     7 

6     7 

6 

8 

6     9 

6  io'6  II 

6  126  i3 

^^^B 

4 

6     I 

6     2 

6     3|6     20     4 

6     5 

6     5 

6     6 

6 

6 

6     7 

6     816     9 

6     9|6  10 

^^^H 

3 

6     t 

6     2 

6     2 

§     36     3 

6     3 

6     4l6     4 

6 

5 

6     5 

6     6 

6     6 

6     76     8 

^H      '  ' 

6     I 

6     t 

6     I 

e     2'6     2 

6     2 

6     3I6     3!6 

3 

6     4 

6     4 

6     4 

6*63 

1 

iNJ 

6     0 

6     I 

6     ' 

6     i;6     I 

6     1 

6     ]'6     i;6 

2 

6     a 

6     2 

6     2^6     t6     3 

0 

6     0 

6     06     016     o'6     0 

6     0 

6     0|'6     o'fi 

0 

b     0 

6     0 

6     0 

6     c 

6     0 

^^^H 

I  s. 

6     0 

5  59'5  595  595  59 

5   59 

5   595   595 

58 

5  58 

5  58 

5  58 

5  58 

5  58 

^^^H 

a 

5  59 

5  595  5g5  58'5  58 

5   58 

3  575  57I5 

57 

5  56 

5  56 

5  56 

5  55 

5  55 

^^^H 

3 

5  59 

5  58'5  58  5  57'5  57 

5   57 

5   56,5   56 

5 

55 

5-55 

5  54 

5  54 

5  53|5  52 

^^^H 

4 

5  595  58i5  57i5  575   56| 

5   55 

5  55|5   54 

5 

54 

5  53 

5  52 

5  5i 

5  5i  5  54 

^^^^B 

5 

5  595  57 
5  58  5  57 

5  565  56:5   55 

5  54 

5   53;5   53 

5 

52 

5  5i 

5  So 

5  49 

5  48  5  4i 

^^^H 

6 

5  56  5  55,5   54 

5   53 

5   52  5   5i 

5 

5o 

5  49 

5  48 

5  47 

5  46  5  45? 

^^^H 

I 

S  58 

5  56 

5  55  5  54  5  53 

5   52 

5   51.5   5o 

5 

49 

5  47 

5  46 

5  45 

5  44|5  4a 

^^^H 

5  58 

5  55 

5  54  5  53  5  52 

5   5i  5   5o|5  46 

5 

47 

5  46 

5  U 

5  43 

5  4i!5  4o 

^H 

^ 

5  57 

5  55  5  54'5  52|5  5i| 

5   5o5  48  5  47|5 

45 

5  44 

5  42 

5  4i 

5  3^ 

5  37 

10 

5  57 

5  545  53,5  5t  5  5o 

5  485  47p  45 

D 

44 

5  4a 

'J  4o 

^  38 

5   37 

i>  35 

^^^H 

II 

5  57 

5  545  52  5  5i5  49 

5  475  46  5  44 

5 

43 

5  4o 

5  36 

5  36 

5  34 

5  32 

^^^^B 

ts 

5  5^ 

5  53  5  5i5  5o5  48 

5  46  5  445  4a 

5 

4o 

5  38 

5  36 

5  34 

5  32 

5  29 

^^^H 

i3 

5  56  5  53  5  5i|5  49|5  4?! 

5  455  43 

5  4i 

5 

39 

5  36 

5  34 

5  32 

5  29 

5  37 

^^^H 

i4      ' 

5  56  5  52 

5  5o5  48  5  46| 

5  44  5  4i 

5  39 

5 

37 

5  35 

5  32 

5  3o 

5  27 

5  24 

^^^^H 

i5 

5  56 

5  5i 

5  49  5  47 

5  45 

5  43  5  4o 

5  38 

5 

35 

5  33 

5  3o 

5  37 

5  24 

5    31 

^^^H 

t6 

5  55 

5  5i 

5  48  5  46 

5  44 

5  4i 

5   39 

5  36 

5 

33 

5  3i 

5  28 

5  25 

5    32 

5  19 

^^^H 

17 

5  55 

5  5o 

5  48  5  45 

5  43 

5  4o 

5  37 

5  34 

5 

33 

5  28 

5  26 

5  23 

5    IQ 

5  16 

^^^^H 

i8 

5  55 

5  5o 

5  47  S  44 

5  4i 

5  39 

5  36 

5  33 

5 

3o 

5  27 

5  24 

5  20 

5   17 

5  i3 

^H 

^9 

5  54 

5  49 

5  46  5  43 

5  4o 

5  3? 

5  34 

5   3i 

5 

28  5  35 

5  21 

5  18  5  i4 

5  10 

20 

5  54 

5  48|5  45|5  42 

5  39 

5   36 

5  33 

5  3o5 

26  5   23 

5  19 

5  i5 

:>  ji 

^     7 

^^^H 

21 

5  54 

5  48 

5  445  41 

5  38 

5  35 

5  3i 

5  38 

5  24;5  21 1 

5  17 

5  i3 

5    9 

5    4 

^^^H 

S2 

5  54 

547 

5  44  5  4o|5  37 

5  33 

5  3o 

5  a6 

5 

23  5    19 

5  i5 

5  10 

5     6 

5    3 

^^^H 

83 

5  53 

5  46 

5  43  5  30I5  36 

5  32 

5  38 

5  24 

5 

31,5    16 

5   12 

5     8 

5     3 

4  58 

■ 

^^^^H 

94 

5  53 

5  46l5  43l5  38,5  35 

5  3i 

5  37 

5  23 

5 

19,5  i4 

5  10 

5     5 

5     0 

4  55 

■ 

^^^1 

25 

5  5315  45  5  4i  5  3715  33 

5  29 

5  25 

5    31 

5 

i7i5  12 

5     7 

5     3 

4  58 

4  52 

■ 

^^^H 

36 

5  53  5  44  5  4o  5  3615  82, 

5  28 

5  24 

5  19 

5 

i5 

5   10 

5     5 

5     0 

4  55 

4  49 

1 

^^^^H 

37 

5  53  5  445  395  35  5  3i 

5  26 

5  22 

5  17 

5 

IS 

5     8 

5     2 

4  57 

i    52 

4  46 

^^^H 

28 

5  5i5  435  395  34|5  3o 

5  35 

5  so 

5  x5 

5 

10 

5     5 

5     0 

i  54- 

4  49 
4  45 

4  4a 

^^^H 

39  S. 

5  5i  5  42  5  38  5  33'5  28  5  23] 

5  19 

5  i3 

5 

8, 

5     3^ 

i  57 

i    52. 

4  39: 

^ 

J 

■ 

Sttr't 
Deo. 

LatHudo  ofiho  riAcc. 

340 1 36o 

380  40° 1 420 1 440 1 460 

480 

50O 

52° 1 540 1 560 

5S0  600 

o 

A.  m.|jl.  m. 

k,   m,\k.    m. 

k.    Pit/ A.  m,  k.    m. 

k.   m. 

k,   m. 

k.   m.h.    M.  A.    m 

A.  mJ  k.     m. 

39  N. 

7  2!? 

7  35 

7   43 

7  5, 

8   o|8  108  30 

8  33 

8  45 

9      '9  *<^9  4l 

to  lolto  55 

38 

7  24 

7  3i 

7  38 

7  46 

7  55,8  4'8  U 

8  35 

8  37 

8  52  9  8|9  2^ 

9  53; to  aS 

37 

7  30 

7  a? 

7  34 

7  4i 

7  4917  58 

8  7 

a  18 

6  3o 

8  43j8  58  9  »<5 

9  39|to  8 

26 

7  17 

7  33 

7  3o 

7  37 

7  44  7  5a 

8  I 

6  11 

8  33 

8  35 

8  499  5 

9  25 

9  5i 

1  ^5 

7  r3 

7  *9 

7  35 

7  32 

7  39  7  47 

7  55 

8  5 

8  i5 

8  27 

8  4o|8  54 

9  i3 

9  35 

fl4 

33 

7  10 

7  16 

7  31 

7  38 

7  35  7  42  7  5o 

7  59 

8  8 

8  19 

8  3ij8  45 

9  2 

9  S3 

7  7 

7  13 

7  17 

7  33 

7  307  377  44 

7  53 

8  2 

8  la 

8  23'8  36 

8  5i 

8  58 

as 

7  3 

7  & 

7  '4 

7  '9 

7  «5  7  327  39 

747 

7  55 

8  5 

8  i5  8  27 

8  4i 

21 

7  0 

7  5 

7  10 

7  i5 

7  21  7  27  7  34 

7  41 

7  49 

7  58 

8  8  8  19 

8  32 

8  47 

ao 

6  57 

7  1 

7  G 

7  «> 

7  17  7  32  7  29 

7  35 

7  43 

7  5i 

a  o^e  11 

b  22 

b  36 

:i 

6  54 

6  58 

7  2 

7  7 

7  12  7  18  7  24 

7  3o 

7  37 

7  45 

7  53 

8  3 

8  14 

8  36 

6  5i 

6  55 

6  59 

7  3 

7  ^7  i37  *9 

7  35 

7  3i 

7  38 

7  46 

7  55 

8  5 

8  17 

17 

6  48 

6  Si 

6  55 

6  59 

7  4,7  9  7  *4 

7  19 

7  35 

7  32  7  4o 

7  48 

7  57 

8  8 

16 

6  45 

6  46 

6   52 

6  56 

7  t>'7  47  9 

7  i4,7  20 

7  26  7  33 

741 

7  49 

7  59 

i5 

6  49 

6  45 

6  48 

6  52 

6  56 

7074 

7  9 

7  i4 

7  20  7  27 

7  34 

7  4a 

7  5i 

i4 

6   39 

6  42 

6  45 

6  48 

6  5a 

6  56  7  0 

7  4 

7  9 

7  i4  7  20 

7  37 

7  34 

7  43 

i3 

6  36 

6  39 

6  43 

6  45 

6  48 

6  526  55 

^  59 

7  4 

7  9V  i4 

7  ao 

7  27 

7  34 

12 

6  33 

6   36 

6  38 

6  4i 

6  44 

6  476  5i 

6  55 

6  59 

7  37  8 

7  i3 

7  2  CI 

7  26 

II 

6  3o 

6  33 

6  35 

6  38 

6  Ao 

6  436  46 

6  5o 

6  54 

6  587  2 

7  7 

7  12 

7  19 

10 

6  27 

6  39 

6  32 

6  34 

6  37 

6  39  6  43 

6  45 

6  4v 

u  52  b  56 

7  * 

7  6 

7  'I 

9 

6  a5 

6  36 

6  a8 

6  3i 

6  33 

6  35  6  38 

6  4i 

6  44 

6476  5o 

6  54 

6  59 

7  4 

8 

6  33 

6  33 

6  35 

6  37 

6  30 

6  3i  6  33 

6  36 

6  39 

6  4i 

6  45 

6  48 

6  52 

6  56 

7 

6  19 

6  30 

6  22 

6  34  6  25 

6  37  6  39 

6  3i 

6  34 

6  36 

6  39 

6  43 

6  45 

6  49 

6 

6  16 

6  18 

6  19 

6  30 

6  23 

6  33  6  35 

6  37 

6  29 

6  3i 

6  33 

6  36 

6  39 

6  42 

5 

6  r4 

6  i5 

6  16 

6  17 

6  18 

6  196  31 

6  22 

6  24 

6  26  6  28 

6  3o 

6  32 

6  35 

4 

6  11 

6  13 

6  1 3 

6  i3 

6  14 

6  i56  t7 

6  18 

6  19 

6  2ij6  22 

6  34 

6  s6 

6  28 

3 

6  B 

6  9 

6  9 

6  to 

6  n 

6  12 

6  13 

6  t3 

6  t4 

6  t56  17 

6  18 

6  19 

6  ax 

3 

6  5 

6  6 

6  e 

6  7 

6  7 

6  8 

6  8\6     9 

6  10 

6  10^6  11 

6  12 

6  i3 

6  i4 

1    in; 

6  3 

6  3 

6  3 

6  3 

6  4 

6  4 

6  46  4 

6  5 

6  56  6l6  6 

6  6;  6  7' 

0 

6  0 

6  0 

6  0 

6  0 

6  0 

6  0 

6  06  0 

6  0 

6  0  6  ojt3  o|  6  0 

6  0 

1  s. 

5  57 

5  57 

5  57 

5  57 

5  56 

5  56 

5  56  5  56 

5  55 

5  5515  54 

5  54 

5  54 

5  53 

a 

5  55 

5  54 

5  54 

5  53 

5  53 

5  52 

5  5a 

5  5i  5  5o 

5  5o  5  49 

5  48 

5  47 

5  46 

3 

5  52 

5  5i 

5  5i 

5  5o 

5  49 

5  48 

5  48 

5  47  5  46 

5  45r5  43 

5  42 

5  4i 

5  39 

4 

5  49 

5  48 

547 

5  47 

5  46 

5  45 

5  43 

5  43  5  4i 

5  39(5  38 

5  36 

5  34 

5  32 

5 

5  46 

5  45 

5  44 

5  43 

5  43 

5  4i 

5  3o 

5  38 

5  36 

5  34 

5  3a 

5  3o 

5  a8 

5  35 

6 

5  44 

5  43 

5  4i 

5  4o 

5  38 

5  37 

5  35 

5  33 

5  3i 

5  30 

5  27 

5  34 

5  at 

5  18 

7 

5  4i 

5  4a 

5  38 

5  36 

5  35 

5  33 

5  3i 

5  ao 

5  26 

5  34 

5  31 

5  18 

5  i5 

5  It 

S 

5  38 

5  37 

5  35 

5  33 

5  3i 

5  39 

5  37 

5  34 

5  21 

5  10 

5  i5 

5  12 

5  8 

5  4 

9 

5  35 

5  34 

5  32 

5  39 

5  27 

5  35 

5  32  5  19 

5  16 

5  iT5  10 

5  6 

5  r 

4  56 

10 

5  33 

5  3i 

5  ab 

5  26J5  33 

5  21 

5  i8  5  i5 

5  ti 

5  85  4 

4  59 

■4  54 

4  49 

II 

5  3o 

5  28 

5  35 

5  32 

5  20  5  17 

5  i4 

5  10 

5  6 

5  2 

4  58 

4  53 

4  48 

4  4i 

la 

5  37 

5  34 

5  23 

5  19 

5  16' 

5  i3 

5  9 
5  5 

5  5 

5  r 

4  57 

4  53 

4  47 

4  4o 

4  34 

1 3 

5  34 

5  21 

5  16 

5  1 5 

5  13 

5  8 

5  I 

4  56 

4  5i 

4  46 

4  4o 

4  33 

4  26 

1  «4 

5  31 

5  18 

5  i5 

5  13 

5  8 

5  4, 

5  0 

4  56 

4  5i 

4  46 

4  4o 

4  33 

4  36 

4  18 

1  tS 

5  18 

5  i5 

5  ta 

5  8 

5  4 

5  0 

4  56 

4  5i 

4  46 

4  4o 

4  33 

4  26 

4  t8 

4  9 

16 

5  i5 

5  12 

5  8 

5  4 

5  0 

4  56 

4  5t 

4  46 

4  4o 

4  34 

4  37 

4  19 

4  11 

4  1 

n 

5  13 

1 1 

5  5 

5  I 

4  56 

4  5i 

4  46 

4  4i 

4  35 

4  28 

4  so 

4  tz 

4  3 

3  5!! 

1% 

5  9 

5  1 

4  57 

4  5a 

4  47 

4  4t 

4  35 

4  39 

4  33 

4  i4 

4  5 

3  55 

3  43 

1  '^ 

5  6 

5  3 

4  58 

4  53 

4  48 

4  42 

4  36  4  3o 

4  33 

4  t5 

4  7 

3  57 

3  46 

3  34 

30 

5  a 

4  5q 
4  5? 

4  ^4 

4  49 

4  43 

4  38, 

4  3i 

4  25 

4  17 

4  9 

4  0 

3  49 

3  38 

3  24 

at 

5  0 

4  5o 

4  45 

4  39 

4  33 

4  36 

4  19 

4  u 

4  3 

3  5a 

3  4i 

3  a8 

3  i3 

33 

4  57 

4  52 

4  46 

4  4i 

4  354  38 

4  21 

4  i3 

4  5 

3  55 

3  45 

3  33 

3  19 

3  a 

33 

4  53 

4  48 

4  43 

4  37 

4  3o4  33 

4  16 

4  7 

3  58 

3  48 

3  37 

3  a4 

3  9 

a  5i 

M      , 

4  5o 

4  44 

4  39 

4  33 

4  354  t8 

4  lo 

4  I 

3  52 

3  4t 

3  39 

3  i5 

3  58 

a  38 

1  3^ 

4  47 

4  4*' 

4  35 

4  38 

4  31 

4  t3 

4  5 

3  55 

3  45 

3  33 

3  ao 

3  6 

a  47 

B  35 

36 

4  43 

4  37 

4  3o 

4  33 

4  iB 

4  8 

3  59 

3  49 

3  38 

3  35 

3  n 

3  55 

a  35 

3  9 

37 

4  4o 

4  33 

4  36 

4  19 

4  It 

4   2 

3  53 

3  42 

3  3o 

3  17  3  3;3  44 

3  31 

1  5« 

33 

4  36 

4  29 

4  33 

4  i4 

4  5 

3  56 

1  46 

3  35 

3  23 

3  8a  53  2  3a 

3   7 

I  3a 

39  S. 

4  3a 

4  25 

4  17 

4  94  0 

3  55 

3  4o 

3  38 

3  i5 

2  592  4i  3  19'  I  5o| 

1  5 

388 

1 

w 

Table  XX. 

m 

To  eonvert  Millimeters  into  English  Inehei, 

V 

(MtUlm- 

En^K^b 

MtlUm- 

\  EnfUsti 

MiUim- 

Englinh 

MlUlJO- 

Emcliah 

MlUim- 

'  IncW. 

iMilltm- 

Eni^iilt 

et«r«. 

Incheii. 

eters. 

irtvr«. 

Indies, 

fler*. 

Incbrff. 

eters. 

1  eitrs. 

IncbcBt 

1 

o,o3^4 

59 

3.3329 

117 

4  *  6064 

O63 

26.0635 

720 

28.3470 

778 

3o.63o5 

2 

.0787 

60 

.3622 

ll« 

.6458 

6G3 

.102^ 

721 

.3864 

779 

.6696 

3 

.1181 

61 

.4016 

lig 

.685i 

664 

.1432 

723 

.4357 

7bo 

.7092 

4 

.1575 

62 

.44  Jo^ 

130 

*7=^45 

665 

.1816 

733 

.4651 

761 

•  7486 

5  i 

.1969 

63 

.4804 

i3o 

5.1182 

666 

.2305 

724 

.5o45 

783 

\t,l 

6 

.2362 

64 

.5197 

i4o 

.5n9 

667 

.3603 

725 

.5436 

783 

7 

,2756 

65 

.5591 

i5o 

.9056 

668 

'   .2997 

736 

.5832 

784 

.8667 

8 

.3iSo 

66 

.5985 

t6o 

6.3993 

669 

.3391 

727 

.622G 

785 

.9060 

9 

.3543 

67 

,6376 

170 

.6930 
7.0867 

670 

.3784 

728 

.6630 

78G 

.9454 

10 

.3937 

6!* 

.6772 

180 

671 

.417^ 

7=9 

.7013 

787 

.9848 

II 

.4331 

69 

.7166 

190 

.4Bo5 

673 

.4572 

730 

.7407 

788 

3 1.0342 

13 

.4724; 

70 

.7560 

300 

.8742 

673 

.4965 

73i 

.7800 

789 

.o635 

i3 

.5ii8 

7« 

.7953 

310 

8.2679 

674 

.535c 

732 

.8194 

790 

.1030 

.i4a3 

i4 

.55i3 

73 

.8347 

220 

.6616 

675 

.5753 

733 

.8588 

791 

i5 

•  5906 

73 

.8741 

23o 

9.0553 

676 

.6147 

734 

.8982 

792 

.1817 

i6 

,6390 

74 

.9^34 

24o 

.4490 

677 

.654c 

735 

.9375 

793 

.2310 

I? 

.6693 

75 

,9538 

3  5o 

.8427 

678 

.6934 

736 

.9769 

794 

.3604 

id 

.7087 

76 

.9932 
3.o3i6 

260 

10. 3364 

679 

.7338 

737 

29.0163 

795 

.2998 

19 

.7480 

77 

270 

.63oi 

680 

.7721 

738 

.o556 

796 

.3391 

30 

.7874 

78 

.0709 

980 

II.033H 

68t 

.8n5 

739 

.0950 

797 

.3785 

31 

.8268 

79 

.iio3 

390 

.4I7S 

683 

.8  $09 

740 

.1344 

798 

.4179 

32 

.866* 

80 

,1497 

3oo 

.8tl2 

683 

.  8902 

74i 

.1738 

799 

.4573 

23 

.9055! 

81 

.1890 

3io 

i3.ao49 

684 

.9296 

743 

.3l3t 

800 

.4966 

34 

.9449 

83 

.2384 

320 

.5987 

685 

.  9690 

743 

.3535 

Sto 

3i.!:*9o3 

25 

.9843 

83 

.2678 

33o 

.9934 

686 

27.00&4 

744 

.3919 

820 

32.2b4o 

26 

K0236 

84 

.3071 

340 

1 3.3861 

687 

.0477 

745 

.3312 

83o 

.6778 

37 

,o63o 

65 

,3465 

35o 

.7798 

688 

.0871 

746 

.3706 

84o 

33.0715 

38 

.1024 

86 

.3859 

36o 

14.1735 

689 

,1365 

747 

.4100 

85o 

.4652 

39 

.t4i8 

67 

.4353 

370 

.5672 

690 

.1658 

748 

.4494 

860 

.8589 

3o  ' 

.1811 

88 

.4646 

380 

.9609 

691 

.2o52 

749 

.4887 

670 

34.2526 

3l 

.2205 

89 

.5o4o 

390 

i5.3546i 

693 

.3446 

750 

.5381 

880 

.6463 

33 

•  3599 

90 

.5434 

4oo 

•  7483: 

693 

.284^ 

751 

,5675 

890  ! 

35.0400 

33 

.2993 

9S 

.5827 

4io 

i6.t43o 

694 

.3233 

752 

.6068 

900 

.4337 

34 

.3386 

93 

.6321 

420 

.5357 

695 

.3637 

753 

.6462 

910 

.8374 

35 

,3780 

93 

.66i5 

43o 

.9294 

696 

.4021 

754 

.6856 

930 

36.3211 

36 

*4i73 

94 

^7009 

44o 

17.3232 

<597 

.44i4 

755 

^7349 

930 

.6i46 

37 

.4567 

95 

.7402 

45o 

.7169 

698 

.48oe 

756 

,7643 

940 

37.0085 

38 

.4961 

96 

.7796 

460 

iS.iioG 

699 

.5202 

757 

.8037 

95o 

.4033 

39 

.5355 

97 

.8190 
.8583 

470 

.5o43 

700 

.5596 

758 

.8431 

960 

.7960 
38.1697 

4o 

.5748 

98 

48o 

.8980 

701 

.5989 

759 

.8824 

970 

4t 

»6i42 

99 

.8977 

490 

19.2917 

702 

.6383 

760 

.9216 

980 

,5834 

42 

.6536 

loo 

,9371 

5oo 

.6854 

70  3 

'^777 

761 

.9612 

990 

•  9771 

43  ! 

.6939 

101 

.9764 

5io 

30,0791 

704 

.7170 

762 

3o.ooo5 

to  00 

39 .  3708 

44 

.7323 

1 03 

4.0I58 

520 

.4?^^ 

705 

.7564 

763 

.0399 

45 

•7717 

io3 

,o552 

53o 

.8665 

706 

.7958 

764 

.0793 

Priiik 

iirf  Ini'ifll 

46 
47 

.8ni 
.S5o4' 

to4 
io5 

.0946 
.1339 

54o 
5  So 

21 .2602 
.6539 

707 
708 

.835i 
.8745 

765 
766 

.1187 
,i58o 

PTO^ 

brtfi. 

Mkiam- 

Ghf  Ibib 

48 

,8898 

106 

.1733 

56o 

32.0477 

709 

.9139 

767 

-1974 

«rTH. 

InehM. 

49 

.9392 

107 

,2137 

57a 

.44i4 

710 

.9533 

768 

.2368 

0.  t 

0.0039 

5o 

.9685 

lod 

.35ao 

58o 

.8351 

711 

.9927 

769 

.2761 

0.3 

0.0079 

5i 

3.0079 

109 

♦  2914 
.  33o8 

590 

33.3388 

712 

2d.o320 

770 

.3i55 

0.3 

0.01 18 

53 

.0473 

110 

600 

.6325 

7i3 

.0714 

771 

.3549 

0.4 

0.0157 

53 

.0867 

III 

.3702 

610 

24.0162 

714 

.1108 

773 

.3942 

0.5 

0,0197 

54 

,1360 

113 

.4095 

620 

.4099 

7i5 

.i5o] 

773 

.4336 

0.6 

0.0336 

55 

,i654 

113 

.4489 

63o 

.So36 

716 

.1895 

774 

.4730 

0.7 

0.0276: 

56 

.3048 

ii4 

.4883 

64o 

25.1973 

717 

.2289 

775 

.5i34 

0.8 

o.o3i5 

57 

.344 1 

ii5 

,5276 

65o 

.5910 

718 

.2683 

776 

.5517 

0.9 

0.0354; 

1  58 

.3835 

116 

.5670 

660  : 

.9847 

7»9 

.3076 

777 

,5911 

I.o 

0.0394 

L 

One  mi 

limete 

r  equals  0.0393 

7079  English  in 

ich. 

^ 

Table   XXL 

^ 

K           389         1 

To  ctmvert  En^iisk  JnthcM  into  MilHmtiers, 

V 

\^imt 

Milhm- 

Engttih 

MUfifTi- 

EnifliBh  1  MiUim- 

EnglUh  1  Mlllim'  H  EniflUh     Milllm- 

1  EngllMh  1  Mruim- 
1  InciMM^.  1    Htri>. 

H 

Bhtsa. 

ftcrs. 

etc™. 

lnclii!ii.       t'lcni. 

IfictlcM.   1    BteriB. 

Jilthirit.         etiTlt. 

J 

U  I 

2.54 

5.9 

149.86 

1    -.7 

297.17 

17,5 

444.49 

23.3    ,ii9i.8i 

29.1 

7:^9.13 

.2 

5.o8 

6.0 

i52.4o 

,8 

299.71 

.6 

447.0:1 

.4 

594.35 

.3 

741.67 

^^^H 

,3 

7,62 

.1 

154.94 

•9 

302.25 

•7 

449-57 

.5 

596.89 

.3 

744.31 

^^H 

-4 

to. 16 

.3 

157.48 

1     13.0 

3o4.7S 

.8 

452.11 

.6 

599.43 

.4 

746.75 

^^H 

.5 

12. 70 

.3 

160.02 

.  1 

307 . 83 

,9 

454.65 

•7 

601 ,97 

.5 

749.29 

H 

.6 

i5.24 

.4 

162.56 

.2 

309.37 

18.0 

457.19 

.6 

604. 5 1 

.6 

751.83 

■ 

*7 

17.78 

.5 

i65.io 

.3 

3i2.4i 

.1 

459.73 

•9 

607.05 

•7 

754.37 

1 

.a 

20. 32 

.6 

167.64 

.4 

314.95 

.3 

463.27 

a4.o 

609.69 
612. i3 

•  8 

756.91 

1 

'9 

22,86 

■7 

170. 18 

.5 

317.49 

.3 

464.81 

*i 

•9 

769.45 

H 

.o 

25.40 

.8 

172.72 

.6 

320.  o3: 

.4 

467.35 

.a 

614.67 

3o.o 

7C1.99 
764.53 

■ 

.  I 

27.94 

•9 

175.26 

•7 

332,57 

.5 

469 -St 
472.43 

,3 

617,31 

.1 

H 

.a 

3o.48 

7.0 

177.80 

.8 

325.11 

.6 

.4   619.75 

.3 

767.07 

^^^M 

.3 

33.02 

.1 

160.34 

*9 

327.65 

•7 

474.97 

.5 

622.29 

.3 

769.61 

^^H 

.4 

35.56 

.2 

182. 88 

i3.o 

330.19 

.8 

477 *5i 

.6 

624.83 

.4 

772.16 

^^^M 

.5 

38.10 

.3 

185.42 

.1 

333.73 

•9 

480. o5 

•7 

627.37 

.5 

774.69 
777.23 

^^H 

.6 

4o.64 

.4 

187.96 

.2 

335.27 

19,0 

482. 5r 

.8 

629,91 

.6 

^^H 

•7 

43.18 

.5 

I 90 . 5o 

.3 

337.81 

.1 

485. 1: 

■9 

632.45 

•7 

779.77 

^1 

.8 

45.7^ 

.6 

193.04 

.4 

340.35 

.2 

487.67 

s5.o 

634.99 

.8 

782.31 

H 

'9 

4S.26 

.7  I195.58 

.5 

342.89 

.3 

490.31 

.1 

637,55 

-9 

784.86 

H 

,o 

So.  80 

.8  ^198. 12 

.6 

345.43 

.4 

492.75 

.2 

640.07 

3i.o 

787.39 

H 

.1 

53.34 

.9 

200.66 

•7 

347-97 

.5  1495.29] 

.3 

642.61 

.1 

789.93 

H 

.3    1 

55.88 

8.0 

203.20 

.8 

35o.5i 

.6 

497-83 

.4 

645. t5 

.2 

79-* 47 

H 

.3 

58.42 

.1 

2o5 . 74 

•9 

353, o5 

^7 

500.37 

,5 

647.69 
65o-23 

.3 

795.01 

■ 

■  4 

60.96 

.3 

208.38 

14.0 

355.59 

,8 

603.91 

.6 

-4 

797^55 

^^^B 

.5 

63. 5o 

.3 

310*82 

.1 

358.13 

•9 

5o5.45 

.7 

662.77 

.5 

800.09 

^^H 

.6 

66.04 

.4 

213.36 

.3 

360.67 

20.0 

507.99 
5I0.53 

.8 

655.31 

.6 

803. 63 

^^^1 

•  7 

68,58 

.5 

215.90 

.3 

363.21 

.  1 

•9 

667.85 

•7 

806.17 

^^1 

.8 

71.12 

•  6 

318.44 

.4 

365,75 

,2 

5i3,o7 

26.0 

660.39 

.8 

807.71 

^^H 

•9 

73.66 

'7 

220.98 

.5 

368.29 

.3 

5i5.6i 

.1 

662.92 

•9 

810.36 

^^^1 

.0 

76.30 

.8 

22  3.52 

.6 

370.83 

.4 

5i8.i5 

.2 

665.47 

32. 0 

812,79 
8i5.33 

^^H 

.1 

78.74 

*9 

226.06 

•7 

373.37 

.5 

620.69 

.3    668,01 

.1 

^ 

.2 

81.28 

9.0 

228. 6u 

.8 

375.91 

.6 

523.23 

.4  '670.55 

.2 

817.87 

.3 

83.82 

.  I 

23i.j4 

'9 

378.45 

•7 

636.77 

.5    673,09 

.3 

820.41 

.4 

86.36 

.2 

233.68 

i5.o  , 

380.99 
383.53 

.8 

528.31' 

.6    676.63 

.4 

832.96 

.5  1 

88.90 

.3 

236.33 

*i   1 

»9 

530.85 

.7    678.17 

.5 

825.49 

,6 

91.44 

.4 

238,76; 

.2 

386.07 

21 .0 

533.39 

.8 

680.71 

.6 

828.03 

.? 

93.08 
96.52 

.5 

241. 3o 

.3 

388. 6i| 

.1 

535.93 

*9 

683. 2i 

•  7 

830.56 

*d 

.6 

343.84 

.4 

391.15 

.2 

538.47 

27.0 

685.7c 

,8 

833,10 

•9 

99.06 

•7 

246.38 

.5 

393.69 

.3 

541.01 

.1 

688.33; 

•9 

835.64 

,Q 

101.60^ 

.8 

348.93 

.6 

396.33 

4 

543.55 

.3 

690,87 

33.0 

836.18 

.1 

104. U 

•9 

251.46 

•7 

398.77 

.5 

546 . 09 

.3 

693,41 

.1 

840.72 

,2 

106.68 

1 0.0 

354.00 

.8 

4oi.3i 

.6 

548,63 

.4 

696.95 

.2 

843.26 

.3 

.4 

109.22 

III. 76 

.1 
.2 

256.54 
259.08 

16.0 

4o3.85 
406.39 

•7 
.8 

63i.i7 
553.71 

.5 

.6 

698.49 
701 .o3 

.3 

845.80 

,5 
.6 

f i4*3o 
U6.84 

.3 
.4 

261.62 
264.16 

.  t 

.3 

408.93 
4ii .47 

•9 
33.0 

556.25 
558.79 

.7 
.8 

703.57 
706 . 1 1 

Proponionil 
PartB. 

■7 

09.38 

.5 

266,70 

.3 

4i4.oi 

.1 

561.33 

.9 

708.65 

tlu^livli 

Millim- 

.8 
•9 

121.931 
124*46 

.6 
•7 

269.24 
271.78 

.4 
.5 

416.55 
419.09 

.3 
,3 

563.87 
566.41 

28.0 
,1 

711.19 
7t3.73| 

Inches. 

CtCTB^ 

0.01 

D.254 

*o 

1 2  7 , 00 

.8 

274.32 

.6 

431.63 

.4 

568.95 

,2 

716.27 

0.02 

o.5o8 

.1 

129.54 

•9 

276.86 

•7 

434.17 

.5 

571.49 

.3 

718.61 

o,o3 

0,763 

.2 

I 32. 08 

It  .0 

379.39 

.8 

436.71 

.6 

574.03 

.4 

731.35 

o.o4 

1 .016 

.3 

134.62 

.  I 

381.93 

.9 

429.25 

-7 

576.57 

.5 

733.89 

o.o5 

1.270 

.4 

137.16 

.2 

284.47 

17.0 

431.79 

.8 

579.11 

.6 

726.43 

0.06 

1.624 

.5 

139.70 

.3 

287.01 

.1 

434.33 

•9 

58I.6S 

.7 

738.57 
731. 5i 

0,07 

1.778 

,6 

142.24 

.4 

289.55 

.3 

436.87 

a3,o 

584.19 

.8 

0.08 

2.o32 

^_ 

•7 

144.7^ 

.5 

392.09 

.3 

439.41 

.1 

586.73 

•9 

734.06 

0.09 

2.286 

^^1 

3 

147-32 

.6 

294.63 

.4 

441.95 

.3 

589.27 

39,0 

736.59 

0.10 

2 .  54o 

^^H 

One  E 

igHsh  inch  eqtiiJ 

[s  35.39954  rail 

limeiers. 

J 
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^^                                                     Part  11                                                             1 

B  Correction  due  to  T — ^T',  or  the  Difference  of  the  Terapemtures^f  the  Barometers  at  the  twu      H 

■                                                                      Stations.                                                                        B 

• 

Thi4  correction  is  Negative  when  the  temperaturf  at  the  uppsr  atation  if  hwest,  and  eve  vend. 

I 

*     ^1     Hon. 

T 
F 

-r. 

Vrnne- 
tlon. 

T-r 

lioa. 

T— T. 

Com»e- 
tlon. 

T— T' 

Correc- 
lion. 

T— T'. 

uoii. 

1 

FaJlt.       im 

ahl. 

Feet. 

FaJi't. 

Fwt, 

Faib't. 

Feet. 

Fwli't. 

Fuel. 

1  Fub't. 

F«el. 

1 

I** 

a. 3 

i4^ 

32.8 

27- 

hS.i 

40^ 

93.6 

5J^ 

134  •^  I 

bb" 

154.5 

2 

4.7 

i5 

35.1 

38 

65.5 

4i 

96.0 

54 

136.4 

67 

i56.8 

1 

3 

7.0 

16 

37.5 

29 

^7-9 

43 

98.3 

55 

138.7 

68 

159.2 

■ 

4 

9.4 

17 

39.8 

3o 

70.3 

43 

100.7 

56 

i3i.  J 

69 

161.5 

I 

5 

11.7 

18 

43.1 

3 1 

73.6 

44 

io3.o 

57 

i33.4 

70 

163.9 

■ 

6 

li.o 

*9 

44*5 

39 

74.9 

45 

io5.3 

53 

i35.8 

71 

166.3 

1 

16.4  1 

20 

46.8 

33 

77.3 

46 

107.7 

59 

138.1 

73 

168.6 

18.7 

31 

49.2 

34 

79.6 

47 

uo.o 

60 

i4o.4 

73 

170.9 

9 

21. 1 

32 

5i.5 

35     1 

81.9 

48 

1 12.4 

6i 

142. 6 

74 

173.3 

lO 

33.4 

33 

53.8 

36 

84.3 

49 

II4.7 

63 

145.1 

75 

175.6 

■ 

It 

25.8 

34 

56.2 

37 

86.6 

5o 

117,0 

63 

147.5 

'  76 

^77-9 

■ 

13 

28.1 

35 

58.5 

38 

89.0 

5i 

119.4 

64 

149-S 

77 

180.3 

■ 

tS 

3o.4 

36 

60.9 

1   39 

91.3 

52 

131  .7 

65 

l53.3 

78 

182.6 

■ 

Part  III. 

Part 

lY. 



■ 

Correction  due  to  the  Change 

■ 

of  Gravity  from  Ihe  Latitude 

Part  V, 

■ 

«f  15"  to  "the  Latitude  of  die 

■ 

Place  of  ObscrvatioE. 

Correction  due  to  the  Height  of  the 

PoMve/rom  Lai.  Q°  (a  45^  ; 

lower  Station. 

NcgiUtPC  from  Lot.  45^  to  90*^. 

-:£l 

Aiwaye  Ponttvt, 

■ 

App,  ' 
Alt, 

Latitude. 

Sir  If 

Heigbl  ofBttTonieUir  at  lower  Statioo. 

Apji. 
AU. 

1 

OO  |l0o|2CP 

30O 

40© 

450 

.2 
00 

g 

0 

,9 

to 

d 

GD 

90:^1  80o\70o 

6O0 

50O 

Feel,  i 

Feci. .  F<wt. 

Fo«4. 

Feet. 

Fwt. 

Feet. 

Fw4. 

Feet. 

Feet 

Fc«l. 

Feet, 

Feet. ;  Feel.    Foil. 

Feel. 

tOOOi 

2.6 

3,S 

3.0 

1.3 

0.5 

0 

3.5 

1.6 

1.3 

I4O 

,  oA 

J     0.6     0.4 

O.i 

1000 

2000 

5.3 

5.0 

4.1 

2.6 

0.9 

0 

5.2    ' 

3.1 

3.5 

2.0 

I.f 

)      1.1 

0.7 

0.2 

3000 

3ooo 

7-9 

7.5 

6.1 

4.oi 

1.4 

0 

7-9 

4.7 

3.8 

3.0 

3.C 

(  ..7 

t  .1 

0.5 

3ooo 

4ooo 

io,6 

lO.O 

8.1 

5.3, 

1.8 

0 

to. 3 

6.3 

5.1 

4.0 

3.1 

s.s 

1.4 

o.-j 

4ooo 

5ooo 

I3.3 

13.4 

to.i 

6.6 

2.3 

0 

13.7 

7.8 

6.4 

5.0 

3.« 

J     3.8 

1.8 

0.^ 

5  000 

6ooo 

i5.9 

14.9 

13.3 

7.9 

3.8 

0 

t6.7 

94 

7.6 

6.0 

4.( 

}    3.3 

3.  J 

l.( 

6000 

7000 

t8.5 

t7.4, 

l4.3 

9.3 

3.2 

0 

19.9 

23,1 

11.0 

8.9 

7.1 

5.^ 

I    3.9 

3.5 

I. a 

7000 

6000 

■it  .3 

19*9 

16.2 

10.6 

3.7 

0 

13.5 

IO«3 

8.1 

6.1 

I    4.4 

3.8 

l.-i 

8000 

9000 

23.8 

33,4 

18,3 

II. 9 

4.1 

0 

36,4 

i4.i 

11.4 

9.1 

6.^ 

^    5.0 

3.2 

1.5 

9000 

1 

1 0000 

i6.5 

34*9 

30.3 

l3,2 

4.6 

0 

39,8 

15.7 

12,7 

10. 1 

7-'i 

J    5.5 

3,5 

1-7 

1 0000 

1 1 000 

29.1 

37.4 

22.3 

14.6 

5.1 

0 

33.3 

17.2 

i4<o 

11. 1 

B,t 

>    6.1 

3.9 

i..*^ 

1 1000 

13000 

31, 8i 

39.9 

24.4 

15.9 

5.5 

0 

36.9 

18.8 

1 5. 3 

13.1 

9.3 

i    6.6 

4.3 

3.C 

12000 

r3ooo 

34.4 

33.4 

36.4 

17.3 

6.0 

0 

4o.6 

20. i 

16.5 

t3-i 

10. c 

>    7.3 

4.6 

3.2 

t3ooo 

i4ooo 

37,1 

34.9 

28.4 

18.5 

6.4 

0 

44.4  ! 

31.9 

17.8 

i4.i 

10. e 

7.7 

4.9 

2.3 

t4ooo 

iSooo 

39.7 

37.3 

3o.4 

19.9 

6.9 

0 

48.3 

23.5 

19. 1 

1 5. 1 

11.5 

8.3 

5.3 

3.5 

i5ooo 

1 6000 

42.4 

39.8 

33.5 

31.3 

7*4 

0 

53.3 

25.1 

20.3 

16.1 

12.3 

8.8 

5.6 

2.7 

1600D 

17000 

45.0 

43,3 

34-5 

23.5 

7.8 

0 

56.4 

36.6 

31.6 

17.1 

i3.i 

9.4 

6.0 

2.8 

17000 

18000 

47-7 

44*8 

36.5 

23,8 

8.3 

0 

60.5 

38.3 

33.9 

18. 1 

i3.8 

9.9 

6.3 

3.0 

18000 

19000 

5o.3 

47.3 

38.6 

35.2 

8.7 

0 

64.8 

39.6 

24.  t 

19.3 

t4.6 

to. 5 

6.7 

3.2 

r  9000 

a  0000 

S3.0 

49.8 

4o,6 

26.5 

9.3 

0 

69.3 

3i.3 

35.4 

30.3 

i5.4 

II. 0 

7.0 

3.3 

20000 

91 000 

55.6 

53.3 

43.6 

37.8 

9'7 

0 

73.6 

33,9 
34.5 

36.7 

2t  ,3 

t6.t 

It. 6 

7.4 

3.5 

21000 

asooo 

58.3 

54.8 

44.7 

39.1 

to. I 

0 

78.2 

38.0 

22.2 

16.9 

12.1 

7-7 

3-7 

32000 

aSooo 

60.9 

57.3 

46.7 

3o.5 

10.6 

0 

83,9 

36.0 

3q.3 

23.2 

17.7 

12.7 

8.1 

3.8 

33ooo 

34000 

63.6 

59.8 

48.7 

3i.e 

u  .0 

0 

87.6 

37.6 

30.5 

34*3 

t8.5 

l3.2 

8.4 

4.0 

24000 

■ 

3  5  000 

6d.9i62.s 

50.7 

33,1 

11*5 

0 

93,5  { 

39.1 

3t.6 

95.3 

19.3 

i3.8 

8.8 

4.1 

aSooo 

1 

■ 

^                             ^H                     ■ 

J 
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Paru 

ofthe 

Unit 

of 

BeMd*!  Coeffletoou  ftir 

Paru 

ofthe 

Unit 

of 

BoMd'a  Cooffleienu  fbr 

Sd  Diff  1 

3dDiff. 

4th  Dur 

5ch  Diff. 

SdDiff. 

sdDur. 

4th  Diff. 

5th  Dl 

t.t-l 

t.t—l.t—k 

r...i— 2 

t..t—k 

t.t—l 

t.t—i.t-k 

t...t—2. 

t...t- 

Time. 

«  ■  1 

9    3  • 

4  * 

5  ' 

Time. 

2  * 

t     s  • 

4 

i 

O.OI 

—  .00496 

. oooa I 

.OOOttJ 

— . 00006 

o.5i 

—  .12495 

— . 00042 

.02^43 

.ooo< 

.02 

.00980 

.00157 

.ooi65 

.00016 

.52 

.x248o 

.00083 

.02340 

.ooo< 

.o3 

.01455 

.00228 

.00246 

.00023 

.53 

.X2455 

.00x25 

.02334 

.000 

.04 

.01920 

.00294 
.oo356 

.00326 

. ooo3o 

.54 

.X2420 

.00x66 

.02327 

.000 

.o5 

.02375 

. oo4o5 

.0O036 

.55 

.X2375 

. 00206 

.023x8 

.0001 

.06 

.02820 

.oo4x4 

.00483 

.00043 

.56 

.X2320 

.00246 

.o23o6 

.000: 

.07 

.03255 

.00467 

. oo56o 

.00048 

.57 

.12255 

.00286 

.02293 

.000; 

.08 

.o368o 

.oo5i5 

.oo636 

.ooo53 

.58 

.12180 

.oo325 

.02278 

.000; 

.09 

.04095 

.oo56o 

.00711 

.ooo58 

.59 

.12095 

.oo363 

.02260 

.OOOi 

.10 

.o45oo 

. 00600 

.00784 

.00063 

.60 

.12000 

. oo4oo 

.02240 

.OOOi 

.11 

.04895 

.oo636 

.oo856 

.00067 

.61 

.1x895 

.oo436 

.022x8 

.OOOi 

.12 

.05280 

.00669 

.00927 

.00070 

.62 

.11780 

.0047X 

.02194 

.OOOi 

.13 

.05655 

.00697 

.00996 

.00074 

.63 

.xi655 

.oo5o5 

.02x69 

.000; 

.14 

.06020 

.00723 

.01064 

.00077 

.64 

.Il520 

.oo538 

.02l4x 

.ooo< 

.i5 

.06375 

.00744 

.oii3o 

.00079 

.XX375 

.00569 

.02IXX 

.ooo< 

.16 

.06720 

.00762 

.01195 

.00081 

.66 

.11220 

.00598 

.02080 

.ooo< 

•17 

.07055 

.00776 

.01259 

: 0008 3 

.67 

.xio55 

.00626 

. 02046 

.OOO' 

.18 

.07380 

.00787 

.Ol32I 

. ooo85 

.68 

.X0880 

.00653 

.02010 

.000 

.19 

.07695 

.00795 

.oi38i 

. 00086 

.69 

.10695 

.00677 

.01973 

.000 

.20 

. 08000 

. 00800 

.oi44o 

.00086 

.70 

.io5oo 

.00700 

.01934 

.000 

.21 

.08295 
.o858o 

. 00802 

.01497 

.00087 

•71 

.10295 

.00721 

.01893 

.oi85o 

.OOOJ 

]  .22 
!  .23 

.00801 

.01553 

.00087 

.72 

.10080 

.00739 

.000 

.08855 

.00797 

.01606 

.00087 

.73 

.09855 

.00750 

.oi8o5 

.OOO 

.24 

.09120 

.00790 

.01658 

.00086 

.74 

.09620 

.00770 

.01758 

.00a 

.25 

.09375 

.00781 

.01709 

.00085 

.75 

.09375 

.00781 

.01709 

.OOOi 

.26 

.09620 

.00770 

.01758 

. 00084 

.76 

.09120 

.00790 

.oi658 

.000 

.27 

.09855 

.00756 

.oi8o5 

.00083 

•77 

.08855 

.00797 

.01606 

.000 

.28 

.10080 

.00739 

.oi85o 

.00081 

.78 

.o858o 

.00801 

.01553 

.000 

.29 

.10295 

.00721 

.01893 

.00080 

•79 

.08295 

.00802 

.01497 

.000 

.3o 

.io5oo 

. 00700 

.01934 

.00077 

.80 

.08000 

.00800 

.oi44o 

.000 

.31 

.10695 

.00677 

.01973 

.00075 

.81 

.07695 

.00795 

.oi38i 

.000 

.32 

.10880 

.00653 

.02010 

.00072 

.82 

.07380 

.00787 

.Ol32I 

.000 

.33 

.iio55 

.00626 

.02046 

.00070 

.83 

.07055 

.00776 

.01259 

.000 

.34 

.11220 

.00598 

.02080 

.00067 

.84 

.06720 

.00762 

.01195 

.000 

.35 

.11375 

.00569 

.02111 

.00063 

.85 

.06375 

.00744 

.oii3o 

.000 

.36 

.Il520 

.oo538 

.02x4i 

.00060 

.86 

.06020 

.00723 

.01064 

.000 

.37 

.11655 

.oo5o5 

.02x69 

.ooo56 

.87 

.05655 

.00697 

. 00996 

.000 

.38 

.11780 

.00471 

.02194 

.ooo53 

.88 

.05280 

.00669 

.00927 

.000 

.39 

.11895 

.oo436 

.02218 

. 00049 

.89 

.04895 

.oo636 

.00856 

.000 

.40 

.12000 

. oo4oo 

.02240 

.00045 

.90 

.o45oo 

.00600 

.00784 

.000 

.41 

.I20q5 

.oo363 

.02260 

.0004 I 

.91 

.04095 

.oo56o 

.007x1 

.000 

.42 

.12180 

.oo325 

.02278 

.000 36 

.92 

.o368o 

.oo5i5 

.oo636 

.000 

.43 

.12255 

.00286 

.02293 

.ooo32 

.93 

.o3255 

.00467 

.oo56o 

.000 

.44 

.I2320 

.00246 

.o23o6 

.00028 

.94 

.02820 

.oo4i4 

.oo483 

.000 

.45 

.12375 

.00206 

.023x8 

.00023 

.95 

.02375 

.oo356 

. oo4o5 

.000 

.46 

.12420 

.00166 

.02327 

.00019 

.96 

.01920 

. 00294 

.00326 

.000 

.47 

.12455 

.00125 

.02334 

.oooi4 

•97 

.01455 

.00228 

.00246 

.000 

.48 

.12480 

.00083 

.02340 

.00009 

.98 

. 00980 

.00x57 

.00x65 

.000 

.49 

.12495 

.00042 

.02343 

.ooooS 

•99 

. 00495 

.ooo8x 

.00083 

.000 

.50 

— .i25oo 

. 00000 

.02344 

— . 00000 

x.oo 

— . 00000 

— • 00000 

.00000 

.000 

R 
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Difference  8.   393 

1 

oHUo 

Unit 

of 

Binomial  Cflelflei«ii(j  A>r 

PmrU 
dftbe 
1  If  nil 

\   or 

BlDomUl  CoeOlcitfiiui  for 

■ 

3d  ma.     1  3d  Diff, 

4ilj  Dtff, 

1  5ihmtr. 

2d  DllT 

3d  Din' 

4ih  Uifl: 

Mi  Dir 

r.i-l  tJ—l.t—i 

t...t-^ 

<..(—* 

i.i^\ 

r.r—i  t—'i 

i..,e^3 

r,.*/— 4 

Ttme. 

3 

S    3- 

4  ' 

s 

piOM. 

a  ^ 

8   ~ 

4  * 

^ 

O.UI 

— '.0049^ 

,oo32d 

— .ooa45 

.00196 

o.5i 

—  .12495 

. 06206 

— .o38b3 

.02696 

• 

.09 

.00980 

.00647 

.00483 

.00384 

.52 

.12480 

.06157 

.o38i7 

.03667 

.o3 

.01455 

.00955 

.00709 

.oo563 

.53 

.12455 

,o6io3 

.03769 

.02616 

.o4 

.01930 

.OI354 

,00938 

.00735 

,54 

. 12420 

,o6o44 

♦03717 

.02673 

1 

.05 

.03375 

.01544 

.01139 

, 00899 

,55 

.12375 

.06981 

,o3664 

. 03636 

.oe 

.osSso 

•01834 

.01 340 

.oio56 

.56 

.laSso 

.05914 

.o36o7 

.03482 

■ 

.07 

.03355 

.03094 

.01534 

.01206 

,57 

.  12255 

.05843 

.03549 

.02434 

1 

.08 

.o368o 

.02355 

.01719 

.oi348 

.58 

.laiSo 

.06765 

.03488 

.02386 

1 

.09 

.04095 

.02607 

,01897 

.01483 

.59 

,12095 

'  .06686 

.03426 

,02336 

1 

1 

.to 

.o45oo 

.o385o 

.02066 

.oi6ta 

.60 

,12000 

, 06600 

.o336o 

.02385 

ii 

»I1 

.04895 

. o3o84 

.0222S 

.01733 

,61 

,11895 

.o55ii 

.03393 

,03333 

V 

•  13 

.oSsSo 

.o33o9 
.03535 

.02382 

.01849 

.62 

.11780 

.05419 

.o3224 

.02180 

•  i3 

.05655 

.03539 

,01958 

.63 

,11655 

,o5333 

.o3i54 

.02125 

.14 

.06030 

.03733 

. 03669 

.03060 

.64 

.ii5ao 

,06333 

.o3o8i 

.03071 

.i5 

.06375 

.03931 

.09801 

.03157 

.65 

.11375 

.o5iJ9 

-o3oo7 

.osotS 

.16 

.06730 

.o4l33 

. 03936 

.02347 

.66 

.iiaao 

.oSoia 

.02932 

.01966 

1 

^n 

,07055 

.o43o4 

,o3o45 

.03332 

.67 

.iio55 

.04901 

.02865 

,01901 

■ 

.16 

.07380 

.04477 

.o3i56 

.02413 

,68 

.10880 

.04787 

.02777 

,ot844 

■ 

*ig 

.07695 

.o4643 

.0326 [ 

.03485 

.69 

.10695 

.04670 

.02697 

.01785 

1 

.no 

.08000 

. o48oo 

.o336o 

.02554 

.70 

.toSoo 

.o455o 

.02616 

.01737 

1 

.31 

.08395 

. 04949 

.03452 

.02617 

•7J 

. 10295 

.04427 

.02534 

,01668 

■ 

.32 

.o858o 

.06091 

.o3538 

,03674 

.72 

.10080 

.o43oi 

.02451 

.01608 

■ 

.33 

.08855 

.o5aa4 

.o36i8 

,03738 

.73 

.09855 

.0417a 

.03368 

.01 548 

1 

,34 

.09130 

.o535o 

.03692 

,03776 

.74 

.09620 

,o4o4o 

.02283 

.01 488 

.35 

.09375 

.05469 

.03760 

.os8ao 

,75 

.09375 

. 03906 

.02197 

.01428 

.86 

.09630 

.o558o 

.o3832 

.02859 

.76 

.09120 

.03770 

.021 I I 

.01 368 

.37 

.09855 

.o5683 

.03879 

.02894 

:;? 

.o8855 

.o363i 

.02034 

.oi3od 

.38 

.10080 

-05779 

.03930 

. 02924 

.o858o 

.03489 

.01937 

.01247 

.19 

.10395 

.o5868 

,03976 

.029 So 

*79 

.08395 

.o334G 

.01 848 

.01187 

.30 

.io5oo 

.06950 

.o4oi6 

.02973 

.80 

. 08000 

.o3aoo 

.01760 

.01126 

.31 

.10695 
,10880 

.06025 

.o4o52 

.02990 

,81 

.07695 

.o3o53 

.01671 

.01066 

.33 

.06093 

.04082 

.o3oo4 

.8a 

.07380 

.02903 

.01682 

.01006 

.33 

.iio55 

.o6j54 

,o4io8 

.o3oi5 

.83 

.07055 

.02761 

.01493 

. 00946 

.34 

'.II330 

.06308 

*o4ta9 
,o4i45 

.o3oa2 

.84 

.06730 

.03698 

.oi4o3 

.00887 

.35 

.11375 

.06356 

.o3o26 

,85 

.06375 

.02444 

,oi3i4 

. oodad 

.36 

.tl530 

.06298 
.06333 

.o4i56 

.o3o36 

.86 

.06030 

-03388 

.01324 

.00769 

■ 

,37 

.11655 
•  .11780 

.d4i64 

,o3oa3 

.87 

.o5655 

.O2l3o 

,01134 

.00710 

.38 

.06S61 

,04167 

.o3ot7 

,86 

.05280 

.01971 

.i»io45, 

.00669 

.39 

.11895 

.o6384 

.o4i65 

,o3oo7  1 

.89 

.04895 

.01811 

,00955 

,00694 

.40 

.I3000 

.o64oo 

.o4i6o 

.02995 

.90 

.o45oo 

.01660 

,00866 

.00537 

.4i 

.t3oo5 
<t3i8o 

.o64io 

.o4i5i 

.f.2980 

.91 

. 04095 

.01488 

,00777 

.00480 

.4a 

.o64t5 

.o4i38 

,02963 

,92 

,o368o 

.01 325 

.00689 

.oo4s4 

i  .43 

.i3a55 

.o64t3 

.o4t2i 

.02942 

.93 

,o3255 

.01161 

.00601 

,00369 

•44 

.12330 

. o64o6 

.04100 

.02919 
.02894 

•  94 

,03820 

.  00996 

.oo5i3 

.oo3i4 

.45 

,13375 

.06394 

.04076 

.95 

.03375 

.oo§3i 

.oo4a6 

.00260 

1 

■  .46 

.X3430 

.06376 

.o4o49 

.02866 

.96 

,01920 

.00666 

.00339 

,00a 06 

.47 

.ta455 

.o6352 

.04018 

.02836 

-97 

.01455 

.00600 

.00264 

.00164 

.48 

.ia48o 

.06333 

.03984 

,02804 

.98 

.00980 

.00333 

.00168 

,00102 

■ 

,49 

.13495 

.06289 

.03946 

,02770 

'99 

.00495 

.00167 

.00084 

,00060 
, 00000 

J 

i  .5o 

— .I3500 

.06250 

— ,03906 

,02734 

1 .00 

— . 00000 

. 00000 

— . 00000 
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Table  XXIV. 


Logarithm*  of  the  Coefficient*  for  JnUrpoUUion  by 

BesseV*  Formula. 

Afgqmeilt  ftpf 

Lfiiwilbnw  of  tbo  Coeffirtontu  fbr                                              | 

Flm  1>ldreiinifi«», 

Saomd  DilEer- 

Third  Diflfcr- 

eneaa. 

€]!«■. 

—  'X 

—  0£ 

^-cc 

3C 

— «^ 

5 

7.9416375 

7.53758n 

6.75335 

6 . 76092 
7,0603 8 

5.75485n 

lO 

8.1436675 

7.83556n 

7. 045 t8 

6.o48i4fl 

i5 

8.3187588 

8.00859^ 

7.21 195 

7.33484 

6.3i636n 

so 

8.4430975 

8.i3o43n 

7.32746 

7.35811 

6.33328*1 

a5 

8,5406075 

8.2243  3n 

7.41482 

7.4533a 

6.433041 

3o 

8.6197888 

8.3oo38ji 

748434 

7.53071 

6.49393^ 
6, 55 I 43n 

35 

8.6867355 

S,364o6n 

7* 54149 

7.5o584 
7.65197 

4(y 

8.7447275 

e.4i887fl 

7.58957 

6,6oo83n 

45 

8.7958800 

e*466a3n 

7.63o69 

7.70131 

6.64333» 

5o 

S. 8416375 

8.5093511 

7.66626 

7.74501 

6. 6800771 

55 

8.883o3o3 

8.547490 

7.69734 

7,78439 

6.712391 

I        0 

8.9108188     ; 

a.583oofl 

7.7^467 

7,8aoi3 

6.740951 

5 

8,9555809 
8.9877655 

8.6i346n 

7.74883 

7.85379 

6.7663  in 

m 

8-64332n 

7 ♦ 77036 

7.88283 

6.788911 

;         *^ 

9.0177388 

8.66893n 

7.76933 

7,91058 

6.8o9i3fi 

ao 

9.0457575 

8*69358n 

7.80628 

7.93636 

6,8273111 

35 

9.0730864 

8.7i65on 

7.83138 

7.96039 

6.8434211 

3o 

9.0969100 

8.73789U 

7.83480 

7.98286 

6.857931 

35 

9. 1 3039 11 

8,7579^ 

7.84670 

8.00394 

6.870891  1 

4o 

9.1436675 

8.7767ot» 

7.85732 

8,02377 

6.883441 

45 

9.1638568 

B.79437n 

7,86646 

8.04246 

6. 89370^1 

5o 

9.1840603 

8.81 to3n 

7.S7451 

8.0601 1 

6.9oi75n 

55 

9,2o33653     ' 

8, 8267671 

7.88147 

8.07681 

6.909681 

»       Q 

9,2318487 

8.84i64n 

7.88739 
7,89235 

8.09264 

6.9165511  1 

3 

9.3395775 

8.85573n 

8.10766 

6.93343n  ' 

lO 

9*3566109 

8.8691011 

7.89637 

8.13194 
8.13553 

6.9a737n 

i5 

9,373001 3 

8,881791* 

7.899S3 

6.93i4jn 

30 

9.3S87955 
9.3o4o355 

8.89386fi 

7.90183 

8.14846 

6.93458^ 

25 

8.90534R 

7,90333 

8.16078 

6.9369311 

3o 

9.3187588 

8.9162711 

7 , 90404 

8,17353 

6.93845fj 

35 

9,33^9993 

8,9366911 

7.90399 

8.1B375 

6,9392o» 

4o 

9,3467875 

8 » 93661 a 

7*9o3i9 

8.19446 

6,9391911 

45 

9.36oi5i4 

8,946o8» 

7.90166 

8.30469 

6.93842?!  ' 

5o 

9-3731164 

8.955112?! 

7.89942 

8.31446 

6.9369311  1 

55 

9.3857055 

8.96374n 

7.89646 

8.22381 

6,g3468n  , 

3     o 

9.3979400 

8*97i97» 

7.89279 

8.33374 

6,931711 

5 

9.4098393 

8.9798311 

7.88841 

8,34138 

6.938011 

Id 

9.4314311 

8.987331] 

7.88333 

8,24944 

6.933591 

r5 

9.4327031 

8.9945on 

7.87753 

8.25724 

6.9164^1 

so 

9.4436975 

9 < 001 34ft 

7*87100 

8.36470 

6.9125271 

25 

9.4544314 

9.oo787n 

7.86374 

8.37183 

6.905861 

3o 

9.4648868 

9,oi4o9n 

7.85573 

8.27864 

6,898431 

35 

9.4751060 

9,o3oo3n 

7.84695 

8.285i4 

6,89030^1 

4o 

9.4850902 

9,0357011 

7,83737 

8.29134 

6.881161 

45 

9,4949500 

9.o3i09n 

7,83697 

8.29725 

6.871391 

5a 

9.5043953 

9.o362  3tt 

7.81572 

8 . 30289 

6.86o53b 

55 

9,5137354 

9.041 iin 

7.80357 

8.3082^ 

6.848871 

4    o 

9.5228787 

9,0457671 

7.79048 

e.3i336 

6,836a4i 
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LogarUhms  of  the  Coeffieienit  for  InUrpolatian  hif  BesuV*  Formula. 


Arpim&Tii  for 
T«^I3lM>iin. 

L«fu1tliniii  orttio  €oef!ld«Dl«  for 

Flm  Dillliraieai. 

See«ii(l  Dlflcr- 

Tbina  Dilfor- 
encct. 

Pounh  DKTer- 

FidJi  Difler-    ' 

IL    m. 

4     o 

9,5328787 

9.o4576n 

7.79048 

8.3i336 

6. 83634ft 

5 

9, 53 18336 

9.o5oi6n 

7-77641 

8.31821 

6.b226ift 

lO 

9.5406075 

9.o5434n 

7.761 28 

8.33282 

6.6079171 

tS 

9.5493077 

9.o583on 

7.74503 

8.32718 

6.7920611 

30 

9.5576409 

9.o63o4n 

7.72758 

8.33i3o 

0.77500ft 

25 

9. 56591 34 

9.o6556n 

7.70883 

8.33519 

6.7566i» 

3o 

9. 57403 1 3 

9.o688dn 

7.68667 

8.33886 

6.73680ft 

35 

9.5820002 

9.0730011 

7.66696 

8. 34330 

6, 7 1 542ft 

4o       : 

9,5898255 

9t07492» 

7.64355 

8.34553 

6.6923371 

45 

9.5975134 

9.07764n 

7.61835 

8.34854 

6.66730ft 

5o 

9.6o5o655 

9.o8ot7n 

7.5908a 

8.35i34 

6.64oi47i 

55 

9.6124895 

9.o82  53n 

7.56098 

8.35394 

6.6io55ft 

5     o 

9.6197887 

9.o8468n 

7.52837 

8.35633 

6,578i8n 

5 

9,6269674 

9.o8665n 

7.49356 

8.35853 

6.5435971 

10 

9.6340292 

9.o8845n 

7.45397 

8.36o53 

6.5o3i9n 

tS 

9.6409781 

9 ,  0900711 

7.40883 

8.36233 

6.4593371 

20 

9.6478175 

9.o9i52n 

7*35913 

8.36393 

6.4o968n 

25 

9.6545509 

9.09279^ 

7,3o24o 

8.36533 

6.353ioft 

3o 

9.661 t8i4 

9.0938811 

7.33655 

8.36655 

6.2873711 

35 

9.6677123 

9.o948in 

7.t583o 

8.36758 

6.20923ft 

4o 

9.6741464 

9*09557n 

7.06314 

8.36843 

6.ii3i5n 

45 

9.6804866 

9.0961671 

6.93779 

8.36907 

5.9888611 

5o 

9.6867355 

9.09657n 

6.76212 

8.36954 

5.8i334ft 

55 

9.6928959 

9.0968311 

6.46r34 

6.36982 

5 . 5 1 249n 

6     o 

9.6989700 

9.0969111 

— CC 

8.36991 

— «: 

5         1 

9.7049604 

9«09683m 

6.46i34n 

8,36982 

5.51249 

10 

9.7108602 
9.7166988 

9.09657tt 

6.762ian 

8.36954 

5.8i3a4 

i5 

9.09616/1 

6.9377971 

8.36907 

5.98886 

20 

9.732451 1     1 

9,09557^ 

7.o63i4n 

8.36643 

6.ii3i5 

25 

9.7381282 

9.09481ft 

7.i583on 

8.36758 

6.S0923 

3o 

9.7337321 

9.0938891 

7,3365571 

8.36655 

6.28737 

35 

9.7392646 

9.0927971 

7.3o34o7i 

8.36533 

6.35310 

4o 

9.7447275 

9,0913271 

7,3591271 

8.36393 
8.3623a 

6.40968 

45 

9.7501335 

9,o9oo7n 

7.4o883ti 

6.45933 

5o 

9.7554514 

9.0884571 

7.4539771 

i     8.36o53 

6.5o3i9 

55 

9.7607156 

9.0866571 

7.49256ft 

6.35853 

6.54259 

7     o 

9,7659167 

9.0846871 

7.5283771 

8.35633 

6.57818 

5 

9-77io564 

9.0825271 

7.5609871 

8.35394 

6.6io55 

10 

9.7761360 

9.0801771 

7.5908271 

8.35x34 

6.64oi4 

i5 

9.781 i568 

9.07764rt 

7.6182571 

8.34854 

6.66730 

30 

9.786120a 

9,07492^1 

7.6435571 

8.34553 

6.69332 

25 

9.7910275 

9.0720071 

7.6G696n 

8.34330 

6.71543 

3p 

9,7958800 

9.0688871 

7.6886771 

8.33886 

6.73680 

35 

9.8006789 

9.0655671 

7.7088371 

8,33519 

6.75661 

4o        ' 

9.8054353 

9.o63o4n 

7.72758ft 

8.33i3o 

6.77500 

45 

9.8101205 

9.o583on 

7.745o3ft 

8.33718 

6.79206 

5o 

9.8147654 

9.o5434n 

7.76128ft 

8.33383 

6.80791 

55 

9.8193611 

9.o5oi57i 

7.77641*1 

8.3x831 

6.82261 

8    0 

9.8339087 

9.0457671 

7 . 79o48« 

8.3i336 

6.B36a4     1 
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Table  XXIV. 


Logarithtiu  of  the  Coeffiaentt  for  InterpoUtiim  by  Bt$$eV»  Formula. 


\    I 


AiptTOAnlfbr 

Logvjilimt  of  tbfl  G«incl«DUi  ftir 

Flnt  DUteratifl^. 

1  Sscflnd  Difler- 

Third  DiiTcr- 

Fmnh  Dillfer- 

Fltth  DtfllM^ 

etieufl. 

eUDCSfl. 

e^iiee«. 

encea 

iL    m. 

a     Q 

9,8239087 

9. 045  76^1 

7,7904671 

a.3i336 

6,83624 

S 

9. §284093 

9.o4tiiii 

7.8035771 

8.30826 

6.84887 

10 

9-8328636 

9 ,  o362  3ri 

7.81572^ 

8.30289 

6,86o53 

i5 

9.8372727 

9.0310971 

7,826970 

8.29725 

6.87129 

30 

9.8416375 

9.0257071 

7,8373711 

8,39134 

6,881x6 

aS 

9,3459589 

9.0200371 

7.8469571 

8,a85i4 

6,89020 

3o 

9.8502377 

9.0140971 

7^85573^ 

8.27864 

6,89843  : 

35 

9.854474? 

9.0078771 

7-8637471 

8,37183 

6,9051^6  [ 

4o 

9.8536709 

9.0013411 

7.8710011 

8.36470 

6.91252 

AS 

9 » 8628368 

8.9945071 

7,87753,1 

8.25734 

6,91842 

So 

9.8669434 

8,98733^ 

7.^833371 

8,24944 

6.93359 

55 

9.8710213 

8,9798371 

7.88841?! 

8,24128 

6.93801 

9    ^ 

9.S75o6t3 

8,97197^ 

7,8927971 

8.23274 

6,93171 

5 

9,8790640 

8.96374?! 

7,8964671 

8.22381 

6,93468 

lO 

9,883o3o2 

8.955[3n 

7. 8994 an 

8.21446 

6.93692 

i5 

9,8869605 
9,8908555 

8,946o6n 

7.9016671 

8*30469 

6.93842 

flU 

8,9366171 

7.9031911 

8. 19446 

6.93919 

aS 

9.8947160 

8.9266971 

7.9o399n 

8.18375 

6.93930 

3o 

9.8985424 

8.9162771 

7,9o4o4» 

8,17353 

6.93845 

35 

9.9023354 

8.9o534n 

7.9033371 

8,16078 

6,93692 

4o 

9.9060955 

8,89386fi 

7,9oi83ff 

8.14846 

6,93458 

45 

9.9098234 

8.88179?! 

7,8995211 

8.13553 

6,93141 

5o 

9.9135195 

8,8691071 

7,89637^ 

8,13194 

6,92737 

55 

9.9(71845 

8.85573R 

7,8933571 

8,10766 

6.92243 

10      o 

9,9208187 

8.84i64n 

7.8873971 

8.09264 

6,91655 

5 

9.9344329 

8.826767* 

7>88i47» 

8.07681 

6.90968  , 

10 

9.9279973 

8.81 io3« 

7.8745171 

8.06011 

6,90175 

i5 

9.9315426 

8.79437n 

7.8664671 

8, 04246 

6,89270 

ao 

9.9350592 

8,7767071 

7.35732" 

8.02377 

6,68344 

35 

9,938547s 

8,7579m 

7.S467071 

8. 00394 

6,87089 

3o 

9.9420080 

8,7378971 

7.8348071 

7.98386 

6.8579a 

35 

9.945441a 

8.7i65o;2 

7,83i38n 

7,96039 

6.84343 

4a 

9,9488475 

8.6g35SB 

7.8o6a8n 

7.93636 

6,83731 

45 

9,953227a 

8,6689371 

7,7893371 

7.91058 

6.8091a 
6,78891 

5o 

9.9555809 

8.6433271 

7.77036ft 

7,88382 

55 

9,9589088 

8, 6 134671 

7.74883^ 

7.85379 

6, 76631 

11       0 

9.9633115 

8.5820O7I 

7,7346771 

7,82013 

6,74095 

5 

9.9654893 

8.54749" 

7,6973471 

7.78439 

6.71239 

io 

9.9687433 

8.5093571 

7,66626ft 

7 . 745oi 

6.68007 

i5 

9.9719713 

8.46682« 

7.63o68ft 

7.70131 

6.64322 

20 

9.97517G4 

8.41887JJ 

7,5895771  1 

7, 65 197 
7.59584 

6,60083 

35 

9,9733581 

8,364o6ji 

7.54149" 

6.55143    1 

3o 

9.9815166 

8. 3002871 

7,48434ft 

7.53071 

6,49293    ' 

35 

9.9846523 

S,  3242311 

7.4i482ft 

7,45330 

6.43204 

4o 

9.9877655 

B,i3o43n 

7.32746n 

7,35811 

6>333aa 

45 

9,9908566 

8.008597* 

7.3n95ft 

7,23484 

6,31636 

5o 

9-9939258 

7.83556R 

7»o45i8ft 

7,o6o38 

6.o48i4 

55 

9.9969736 

7.537587* 

6.75336ft 

6 . 76093     1 

5.75485 

IS      o 

0.0000000 

— ^ 

—go 

—^ 

^« 

^^P 

Table    XXV,         ^HW^Wi        397         I 

F 

To  compare  the  CenUtttmd  T/umioinrter  wifh  Fakrenhetts. 

Cniic«. 

Cent.  {FnhnfiihcU. 

Lqiu.  Kaiia-ith't. 

Cent,  Fubrciiti'i. 

u 

<i 

0           ft 

6  1 

«     1                     <i 

a 

^ 

4-it»o 

^313, 0 

+  71+159.8 

+42|  +  io7,6 

+  ri|+55,4 

--16 

+  3. a 

99 

StO.3 

70      i58,o 

4i|      to5.Q 

13 

53,6 

—  17 

+   1,4 

gS 

ao8.4 

69!     tS6*ii 

4o 

io4,o 

tl 

5t.8 

—  18 

-  0.4 

97 

ao6.6 

0« 

154.4 

39 

103.3 

10 

5o.o 

-19 

—   a, 2 

96 

204*8 

67 

i52.6 

38 

100,4 

9 

48.3 

—20 

-  4.0 

95 

2o3.o 

66 

i5o.8  j 

37 

98,0 

8 

46,4 

—21 

—  5.8 

94 

201  .3 

65 

149.0 

36 

96,8 

7 

44.6 

— aa 

-   7.6 

93 

199.4    1 

197.6 

195.8 

64 
63 
62 

i47*a 
145.4 
143.6 

35 
34 
33 

95.0 

93,3 

9**4 

6 
5 
4 

43.8 
4i.o 
39,3 

-33 

-  9-4 

F)^»orYiofi8l 

9'-^ 

''^I  1.3 

-i3,o 

C,  .  F»»i't. 

91 

0     1        w 

90 

194.0 

6t 

i4i.8 

32 

89.6 

3 

37.4 

-36 

-i4,e 

o,i|0,t8 

89 

192.2 

60 

i4o.o 

3i 

87.8 

2 

35-6 

—  27 

—16,6 

o.2|ii.36 

88 

190.4 

59 

138.3 

3o 

86.0 

+  1 

33.8 

-28 

—18.4 

o,3o,54 

67' 

188.6 

58 

i36.4 

29 

84.3 

0 

3a. 0 

-39 

—  20,  a 

0.4 

0.73 
0,90 

1 .08 

86 

186.8 

57 

i34,6 

a8 

82,4 

—  I 

3o.a 

-3o 

— 22.0 

0.5 

^_ 

85 

185.0 

56 

i32.8 

27 

80.6 

—  a 

38.4 

—  3i 

—23.8 

0,6 

^^^1 

84 

i83.2 

55 

i3i.o 

26 

78,8 

^  3 

36.6 

—  32 

—  25.6 

0,7 
o.B 

i.a6 

'^^1 

83 

i8i.4 

54 

129.2 

25 

77.0 

«  4 

34.8 

—33 

—  27.4 

t.44 

82 

179.6 

53 

127.4 

24 

75.2 

-  5 

33.0 

-34 

-29.3 

0.9 

t  iO 

!i.62 

81 

177.8 

52 

125,6 

33 

73.4 

—  6 

31.3 

—35 

—  31.0 

1 .80 

8n 

176.0 

5i 

123.8 

23 

71*6 

—  7 

19.4 

-36 

--33.8 

79 

J74.2 

5o 

122.0 

21 

69.8 
68.0 

—  8 

17.6 

-37 

-34,6 

78, 

173.4 

49 

120.3 

20 

~  9 

i5.8 

-38 

—  36.4 

77 

170.6  1 

4» 

118.4 

19 

66.2 

— 10 

i4.o 

-39 

-38.2 

76 

168.8 

4? 

116.6 

tS 

64.4 

—  11 

13.3 

-4o 

—  4o.o 

75 

167,0 

46, 

114.8 

17 

63,6 

—  12 

10.4 

-4i 

-4i.8 

74 

i65.2 

45 

ji3.o 

16 

60,8 

-j3 

S.6 

-43 

-43.6 

73 

i63.4 

44 

III. a 

iS 

69,0 

-i4 

6,8 

-43 

-45,4 

+  72 

4- 161. 6 

+43 

+109.4 

+  i4 

+  57,3 

— 15 

+  5,0 

-44 

-47.2 

**»  C«nte»imal=(32^-f  7^*^)  Fahrenheit- 
5 

H 

Table    XXVI.                                                    ^H 

7*0  tampan  Reaumur's  Thermomettr  with  Fahrenheit* a. 

Reamn. 

TthKoimit. 

a^m'r. 

Fmiirenbeit. 

K*m'T, 

Fftlirtnhell. 

R'mY 

FiUirenli'tH 

R'mV 

Ffthrenb't. 

0 

9 

« 

9 

9 

0 

0 

0 

» 

9 

+   80 

+  212.0 

+  57 

+  160.25 

+  34 

+  108.5 

+  11 

+  56,75 

—  12 

+    5.0 

79 

209.75 

56 

i58.o 

33 

ro6.25 

10 

54.5 

-i3 

+    3.75 

7S 

207. 5 

55 

155.75 

32 

104,0 

9 

52. a5 

-i4 

+    0.5 

77 

ao5.35 

54 

i53.5 

3i 

101 ,75 

8 

5o,o 

-i5 

-    1.75 

76 
75 

2o3.o 

200.75 

198.5 

53 

52 

5i 

i5i.35 
149.0 

3o 

99,5 

97.25 

95.0 

7 
6 
5, 

47.75 

45,5 

43,25 

-16 

-  4.0 

—  6.25 

ft  f 

PropoitlonBl 

29 

—  17 

R.  >  TnhX 

74 

146.75 

28 

—  re  —  0,3 

0 

0 

73 

196.25 

5o 

144.5 

27 

92.75 

4 

4t.o 

-^19—10.75 

u.  1 

0.335 

72 

194.0 

49 

l43.25 

36 

90.5 
88.35 

3 

38.75 

-20 

—  i3.o 

0.2 

0.45 

71 

191.75 
189.5 

48 

i4o.o 

25 

2 

36.5 

—  21 

— i5,a5 

0,3 

0,675 

70 

47I 

137,75 

24 

86,0 

+    1 

34.25 

— 32 

^17.5 

0,4 

0,90 

69 

187.25 

46, 

i35,5 

a3 

83.75 

0 

32. 0 

-23 

—  19,75 

0,5 

1.125 

^^^Hi 

68, 

i85.o 

45, 

133.25 

32 

81.5 

—    I 

29,75 

-^34 

— 22.0 

0,6 

1.35 

^1 

67 

182.75 

44 

i3i.o 

31 

79.25 

—    3 

37.5 

-35 

— 24,a5 

0.7 

1.575 

^B 

66 

180.5 

43 

128,75 

30 

77,0 

^  3 

35.35 

—26 

—26,5 

0,8 

1,80 

65 

178.25 

42 

126,5 

19' 

74.75 

-  4 

33.0 

—27 

—  28.75 

0,9 

2. 025 

1 

64 

176.0 

4i 

124,25 

18 

72,5 

^  5 

20,75 

—  28 

— 3i.o 

1  .oj 

2.25 

63 

173.75 

4a 

122,0 

^7 

70,25 

—  6 

18,5 

—29 

-33.25 

1 

62 

171.5 

39 

119.75 

16 

68,0 

—  7 

16.35 

-3o 

—  35.5 

61 

169.25 

36, 

ii?,5 

i5 

65.75 

—  8 

lA'O 

— 3i 

-37.75 

1 

60 

167.0 

37 

n5,35 

i4 

63.5 

—  9 

11 .75 

— 3a  — 4o.o 

59 

164.75 

36! 

ll3,0 

i3 

6i«25 

—10 

9.5 

—33—42.35 

I 

H-  5B 

-hi63.5 

+35 

+  110,75 

+  13 

+  59.0 

—11 

+  7.a5 

—34—44.5 

t 

■ 

j^Rei 

iumur=(31jP-f  2^^^)  Fahrenheit. 

1 
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Table   XXVIL 


Height  of  Barometer  eorretpotuUng  to  Temperature  of 


Ftli't 
DcgnoB. 


i85.o 
.1 

.2 

.3 
.4 
.5 
.6 

•7 

.8 

186.0 
.1 
.2 
.3 
.4 
.5 
.6 

•7 

.8 

187.0 

.1 

.2 

.3 

.4 

.5 
.6 

•7 
.8 

•9 
188.0 
.1 
.2 
.3 
.4 
.5 
.6 

•7 
.8 

o   -9 
189.0 

.1 

.2 

.3 

.4 

.5 

.6 

•7 
.8 

•9 
190.0 
.1 
.2 
.3 
.4 
.5 
.6 

•7 
.8 


Inches.  | 


Dlff. 


17.049I 
.08G 
.123 

.161 
.198 

.236 
.273 
.3io 
.348 
.386 
.424 
.462 
.5oo 
.538 
.576 
.6i5 
.653 
.691 
.730 
.768 
.807 
.846 
.884 
.923 
.962 
18.001 
.o4o 

•979 
.118 
.i58 
.197 
.236 
.276 
.3i5 
.355 
.395 
.434 
.474 
.5i4 
.554 
.594 
.634 
.674 
.714 
.755 
.795 
.835 
.876 
.917 
.957 
.998 
i9.o39 
.080 
.  121 
.162 
.2o3 

.244 

.285 
.326 


037 

037 

o38 

037 

o38 

037 

037 

o38 

o38 

o38 

o3& 

o38 

o38 

o38 

039 

o38 

o38 

039 

o38 

039 

039 

o38 

039 

039 

039 

039 

039 

039 

o4o 

039 

039 

o4o 

039 

o4o 

o4o 

039 

o4' 

o4o 

o4o 

o4o 

o4o 

o4o 

o4o 

o4i 

o4ok 

o4o| 

o4i 

o4i 

o4' 

04 1 

o4i 

o4i 

o4 

o4i 

o4i 

o4i 

o4i 

o4i 


PahH 
Dcgreea. 


190.8 

•9 

191 .0 

.1 

.2 

.3 
.4 
.5 
.6 

•7 

.8 

•9 
192.0 
.1 
.2 
.3 
.4 
.5 
.6 

•7 
.8 

•9 
193.0 
.1 
.2 
.3 
.4 
.5 
.6 

•7 
.8 

•9 
194. o 
.1 
.2 
.3 
.4 
.5 
.6 

•7 
.8 

I05.o 
.1 
.2 
.3 
.4 
.5 
.6 

•7 
.8 

•9 
196.0 

.1 
.2 
.3 
.4 
.5 
.6 


English 
Inches. 


19.326 
.368 
.409 
.45o 
.492 
.534 
.575 
.617 
.659 
.701 
.743 
.785 
.827 
.869 
.912 
.954 
.996 

20.039 
.082 
.124 
.167 
.210 
.253 
.296 
.339 
.382 
.426 
.469 

.5l2 

.556 
.599 
.643 
.687 
.731 
.775 
.819 
.863 
.907 
.95 
.996 
21 .o4o 

.084 

.129 
.174 
.218 

.263 
.3o8 
.353 
.398 
.443 
.488 
.533 
.578 
.623 
.669 
.714 
.760 
.806 
.85i 


Dlff. 


.042 

.o4i 
.o4i 
.042 
.042 
.o4i 
.042 
.o42 
.042 
.042 
.042 
.042 
.042 
.043 
.042 
.042 
.043 
.043 
.042 
.043 
.043 
.043 
.043 
.043 
.043 
.044 
.043 
.043 
.044 
.043 
.044 
.044 
.044 
.044 
.044 
.044 
.044 
.044 
.045 
.044 
.044 
.045 
.045 
.044 
.045 
.045 
.045 
.045 
.045 
.045 
.045 
.045 
.045 
.o46 
.045 
.o46 
.o46 
.045 


Fah't 
Degrees. 


196.6 

•7 
.8 

•9 

197.0 

.1 

.2 

.3 

.4 
.5 
.6 

•7 

.8 

198.0 
.1 
.2 
.3 

.4 

.5 
.6 

•7 

.8 

•9 
199. o 
.1 
.2 
.3 
.4 
.5 
.6 

•7 

.8 

•9 
200.0 


201 


•7 

.8 

•9 
202.0 
.1 
.2 
.3 
.4 


fn'SJ:'!^*^. 


2i.U5i 
.897 
.943 
.989 

22.o35 

.081 
.128 
.174 

.221 
.267 

.3i4 
.361 
.407 
.454 
.5oi 
.548 
.595 
.642 
.689 
.736 
.784 
.83i 
.879 
.926 
•974 
23.022 
.070 
.118 
.166 
.214 
.262 
.3ii 
.359 
.407 
.456 
.5o5 
.553 
.602 
.65i 
.700 

•749 
.798 

.847 
.897 
.946 
.996 
24 . o45 
.095 
.145 
.195 
.245 
.295 
.345 
.395 
.445 
.495 
.546 
.596 
.647 


o4( 

o46 

o46 

o4t 

o46 

04 

o4C 

047 

o4C 

047 

047 

o46 

047 

047 

047 

047 

047 

047 

047 

046 

047 

o46 

047 

o4fc 

o4& 

o46 

o48 

o48 

o46 

o48 

049 

o48 

o48 

049 

049 

049 

049 

049 

049 

049 

049 

049 

o5o 

049 

o5o 

049 

o5o 

o5o 

o5o 

o5o 

o5o 

o5o 

o5o 

o5o 

o5o 

o5i 

o5o 

o5i 


Fah't 
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18 

87 

536 

52  Ceti, 

T 

3i 

37     6.09 

2.788 

106  43  43.5 

'9 

88 

537 

no  Piscium, 

0 

5 

37  28.67* 

3.162 

81   35  56.9* 

18 

89 

54 1 

Sculptoris, 

c 

5 

38  37.35 

2.819 

ii5  48  i4.9» 

18 

90 

55o 

Eridani, 

q' 

5 

4o  23. 3o 

2.287 

i44  16  37.6 

n 

91 

559 

53  Ceti, 

X 

5 

42  i3.oo* 

2.946 

loi  25  49.9* 

18 

92 

564 

45  Cassiopeae, 

£ 

3 

43  39.68* 

4.221 

27    4  X7.9* 

i€ 

93 

565 

55  Ceti, 

c 

3 

44    3.54 

2.960 

loi     4  42.9 

«7 

94 

569 

2  Trianguli, 

a 

3i 

44  32.57* 

3.399 

61     9  14.9* 
71  26  38.5* 

^1 

1   95 
]  9^ 

572 

5*Arietis, 

>• 

4i 

45  18.43* 

3.277 

»7 

573 

5  Arietis, 

>' 

4^ 

45  18.43* 

3.279 

71  a6  80. 0* 
69  55  38. 7* 

17 

97 

577 

6  Arietis, 

/^ 

3 

46  21.69* 

3.297 

17 

98 

582 

Phoenicis, 

5 

47  37.92 

2.4X2 

i37    2  17.7 
i33  i4    x.8 

17 

99 

585 

Phoenicis, 

<> 

5 

48    8.43 

2.491 

17 

100 

589 

Hydri, 

V» 

5 

I  48  45.68 

+  1.458 

i58  4o  58.3 

r«7 

1 

1 

r 
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No. 

L«faritbms  of 

Logartt&iiB  of 

^1 

a 

b 

e 

d 

a'        1        f 

c* 

d' 

5l| 

Sa 
53 

54 
55 

+8.9460 
S.8toi 
8.970a 
8.8i63 
9.1449 

+8.3697 

8.a43o 

8.4o44| 
8,2523 
8. 5829 

+o.53o4 
0.4914 
0.5365 
0.4775 
0.3783 

+8.7810 
+  7.7376 
+8.83o3 
-8.096? 
-9.0931 

— 9.i5oi 

9.6i3i 
9.0374 
9.6777 
9.6361 

— 9.8302 
—8.9121 

-9.8447 
+9.a642 
+  9.9335 

—  1,2875 
1,3868 
1.2868; 
1.3866 
1.2865 

+9.40S9 
9.4175 
9.4187 
9.4203 
9.4223 

1 

56 

8.8939, 
9.o4a3 
9.o6o8{ 
8.8348 
0.3911 

8.3320 

8.4853 
8.5o43 
8.2880 
9.8559 

0.6207 
0.5535 
0.4047 
o.5o59 
1 .2420 

+8.65o6  1 

-1-8.9532 

—8.9796 

+8.3737 

+0.3909 

9.3i2s 

8.5539 

9. 6668, 

—9.4951 

+9. 4389 

—9.7409 
—9.8938 
+9.9037 
—9.5231 
—9.9821 

1.B865 
1.3861 
i.a86i 
1.2854 
1.2845 

9.4334 
9.4269 
9*4274 
9.4364 
9.4470 

J 

1 

6i 
62 
63 

64 
65 

8.9651 
9.2632 
9.213s 

8.9497 
9.2143 

8.4533 
8.7655 
8.7345 
8.4713 
8.7476 

o.4a47 
0.2955 

0.3302 

0.5426 
o.6i34 

—8.8345 
-9.2342 
-9.1784 
+8.7972 
+9.1794 

— 9.7096 

9.6389 

9.6555 

-8.9355 

+9.1173 

+9.8397 
+9,9511 
+9,9429 
—9,834b 
—9,9412 

1.9826 
1.2812 
1.2605 
1.2795 
1.2783 

9,4685 
9,4823 
9.4891 
9.4988 
9.5094 

j 

1 

66 

67 
68 
69 

70 

9,0935 
8.8o46 
9.2103 
8.9290 
8.8209 

8.63o7 
8.3448 
8.7521 
8.4784 
8.37U 

o.58o8 

0.4773 
0.3067 
o.4aS7 
0.5078 

+9.oa86 
—7.9969 

-9-1749 
-8.7569 
+8.3199 

+8.7774 

— 9,6810 

9.6735 

9.7370 

9.4862 

—9.9106 
+9.1677 
+9.9397 
+9.8021 
—9.473a 

1.2779 
1,2775 
1*2774 
1.3765 
1.2765 

9.5139 
9.5i55 
9,6170 
9.5237 
9,5244 

J 

1 

71 
7a 

73 
75 

8.8139 
8.8208 
8.94SS 
9.3S33 
6.9563 

8.3646 
8.3736 
8.4989 
8.8t4a 
8.5339 

0.4695 
o.5o8o 
0.5459 
0.6330 
o.55o8 

-8.2376 
+  8.32I4 
+8.7922 
+9.2238 
+8.6i48 

9.7052 

9.4844 

—8,8591 

+9.2276 

—8.6981 

+  9.3978 
—9.4746 
— 9.8205 
—9.9444 
—9.8308 

1,2764 
1 ,2762 
1 .3761 
1.2751 
1.2744 

9 , 3248 

9.5267 

9.5273 
9.5348 
9.5399 

H 

76 
77 
7^ 

11 

8.9393 
8.7973 
8.8087 
8.9840 
8.9110 

8.5113 
8.3718 
8.3898 
8.5738 
8.5175 

0.4179 
0.4934 
o.5o44 
0.3972 
o.544a 

-8.7818 
+7.7683 
+8.2093 
—8.8673 
+8.7349 

9.7443 
9,601a 
9 . 5 1 90 
0.7458 
8.9399 

+9.8142 
—8.9434 
-9.3712 
+9.8538 
-9.7811 

1.3739 
1.2736 
1 .2738 
t.2716 
I . 3694 

9.5436 

9 . 5460 

9.55.7 

9 . 5  692 
9.5736 

1 

81 

82 

S3 

64' 

65 

8.9638 
8.7988 
8.9027 
9.0636 
8.7881 

8.5746 
8.4ii5 
8,5293 
8.6931 
8. 4345 

0.5598 
o.5oi4 
0,5447 
0 , 3490 
0.4934' 

+8,834o 
+8.0937 
+8.7091 
—8.9931 
+7.7040 

8,0374 
9.5448 
8.9233 
9.7496 
—9.6018 

—9.8367 
—9.2612 
—9.7706 
+9*8924 
—8.6766 

1.2688 
1.3685 
1.3665 
1 .2662 
1 ,3649 

9.5774 
9.5790 
9.6908 
9.5924 
9.5991 

1 

86 

ll 

89 
90 

8.9774 
8.8025 
8.7881 
8.8280 
9,0145 

8.6172 
8.4567 
8.4443 
6.4398 
8.6851 

0.5689 
0.4632 
0.4986 
0.4473 
0.3583 

+8.8613 
-8.3617 
+7.9537 
-8.4666 
-8.9340 

+8.4249 

-9.7275 

9.5070 

9.7576 

9,7766 

—9.6460 
+  9.4190 
—9.1241 
+9,5973 
+9,8664 

1.3644 
1 .3620 
1 ,2617 
1.2607 
1 .259a 

9.6020 
9.61 4o 
9, 61 56 
9 . 63o3 
9.6375 

J 

9« 

94 
95 

*  8.7879 
9.1198 
6.7857 
6.8346 
8.7995 

8.4675 
8.8o63 
8.474a 
8.5254 
8.4940 

0.4704 
o.6a47 

0.4707 
o.53o8 
o,5i45 

— 8.o85o 
+9.0694 
—8.0693 
+8.5t8i 
+8.3033 

-9.7083 

+  9.2834 

—9.7077 

9.2343 

9.4319 

+9,a5a3 
—9.9036 
+9.3373 
-9.6366 
—9.4552 

1.3575 

1.3562 

1.9558 

i.a554 
1.2547 

9.6349 
9 , 64o5 
9.6431 
9.6440 
9 . 6469 

J 

96 

97 
98 

99 
100 

8.7995 
8.8oa6 
8.9407 
6.9112 
+9.2125 

8.4940 
8.5o2o 
8.6461 
8.6190 
+6.9333 

o.5t45 
0.5171 
o.384o 
0.3978 
+0.1775 

+8.3023 
+8.338I 
— 8.8o5i 
—8.7469 
— 9.1817 

9.4317 

9.4048 
9.7973 

9.7977 
— 9,7660 

-9.4552 
—9.4870 
+9.8146 
+9.7854 
+9.9184 

i.a54T 
1.2537 

I  .3535 
I.3520 

— t.25i4 

9.6469 
9.6609 
9.6667 
9.6676 
+9.6699 
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Coii*ieUaiion, 

Mas. 

Rjf lit  Aiccniian, 

AoriQal 
VBriatiDD- 

North  Polar  DliFt.. 

Am 

101 

595 

43  CassiopeK, 

5 

I  49  43.96» 

+4.778 

1^ 

19  49   36,5* 

—  ^' 

103 

59$ 

Eridani, 

;e 

4 

5o    6,71 

3.335 

l43    31    25.7 

it 

io3 

600 

5o  CasBiopea, 

4 

5o  44*a3* 

4*94o 

18    18   38.9* 

I^ 

[o4 

6o3 

Hydri, 

v^ 

41 

5i     7.99 

i486 

i5d  s3  12,9 

1-; 

io5 

6i8 

59  CetU 

V 

4i 

53    56.33 

2.S27 

tii  48  32,7 

i^ 

io6 

633 

Hydri, 

a 

3 

54   3.63 

1.889 

i53   18     4»7 

^  J 

107 

635 

Ii3  PiBciimi, 

a 

H 

54  i7i5o 

3,102 

87  57  44,7 

i^ 

108 

633 

57  Andmmedae, 

y 

3 

54  43*71* 

3.644 

48  33  33.9* 

17 

tog 

634 

Fhcenicis, 

X    ; 

5 

55  4t.3i 

3  .  402 

i35  36  11.5 

i^ 

no 

635 

Hydri, 

5 

55  43.87 

1.570 

i56  47  55.7 

'' 

III 

649 

1 3  Arictis^ 

u 

3 

56  43.64* 

3.364 

67  i4  57. 9» 

17 

113  1 

656 

4  Triangiili, 

/? 

4 

3     0  38. o2* 

3.545 

55  43  3o.o* 

17 

u3 

684 

65  Ceti, 

e 

5 

5     3.28* 

3. 169 

81  5i  34.0*1 

17 

u4 

63S 

Fomacis, 

^ 

5 

6  17-93 

3*642 

131  35  47*3* 

17 

[[5 

717 

Eridani, 

^ 

4 

II     9,34 

2,i56 

i43  13  s6»7 

16 

tie 

730 

68  Ceti, 

Q 

Van 

11  46.53 

3.0S1 

93  39  4i*8 

16 

117 

721 

9  Persei, 

1 

5 

It  56.19* 

4.114 

34  5o  39.6* 

16 

118 

744 

Cassiopes, 

4 

16  46.71* 

4.S13 

33  16  34.3*1 

16 

U9 

754 

72  Ceti, 

P 

5 

18  43.4a 

3.897 

I 03  58     9.6 

16 

ISO 

756  , 

Hydri, 

^ 

4 

J9     5.79 

1.037 

159  30  36,3 

16 

^lai 

760 

73  Ceti^ 

f 

4 

30  r I . 34* 

3.182 

83  13  54.0* 

16 

!££ 

763 

Etidani* 

K 

Ak 

31  28.98 

3.186 

I 38  22  43.1 

i5 

123 

731 

76  Ceti, 

ts 

5 

24  58.93 

3.844 

io5  54  19.4 

16 

ta4 

794 

78  Ceti, 

V 

4^  1 

38    0.42* 

3.135 

85     3  50.7* 

1 5 

135 

8u 

83  Ceti, 

i 

4 

3i  48. i3 

3.074 

90  19  t8.5 

i5 

136 

8i5 

83  Cell, 

e 

4i 

33  18.69 

3.899 

102  3o  4i -0 

i5 

137 

S37 

1 3  Peraei, 

0 

4 

33  58. 81* 

4.o5i 

4t  24  35.0* 

iS 

laS 

838 

Ertdanii 

5     ' 

34     4.65 

3,276 

i33  33  i5.i 

t5 

139 

83 1 

35  Arietis, 

4 

34  39.69 

3.499 

63  56     3.1 

i5 

i3o 

833 

Eridatil, 

t 

4 

34  45,10 

2.378 

i3o  29  56.3 

i5 

t3i 

837 

86  Get!, 

r 

3 

35  31.93* 

3.102 

87  33  57.8* 

i5 

l33 

845 

Arietis, 

4 

36  5o.37* 

3.a33 

80  3i  30.5* 

iS 

1 33 

84? 

89  Ceii, 

TT 

4 

36  59.13 

2.85i 

io4  29  49 t I 

i5 

*i34 

849 

Hydiu 

F 

5 

37  17.66 

0.861 

i5S  54  42.9  1 

i5 

i35 

856 

t   Eiidani, 

T^      1 

U 

38     6.34 

2.600 

109    13    37.0 

i5 

i36 

86 1 

39  Arietia, 

A 

38  59,3o« 

3.549 

61  23  44^5* 

i5 

137 

863 

1 5  Peraei, 

n 

4 

39  47.5o* 

4.3t2 

34  43  53.4* 

i5 

i38 

870 

4  2  Arietis, 

It 

5 

4t>  55.74» 

3.335 

73     9  45.5* 

t5 

139, 

871 

16  Pereei, 

4^ 

4r     7-9» 

3.759 

52  18    9.3 

it 

t4o 

873 

4 1  Arietia, 

3 

4 I     9-9S" 

3.5io 

63  31  40.7* 

iS 

i4r 

679 

Fornacii, 

?      i 

5 

4a  4S.6S 

3  -5o9 

133     3  17'9* 

'    li 

t43 

8^3 

Hydri, 

C 

5 

43  14.7S 

0.874 

i58   t4  54.0 

it 

i43 

8S5 

iS  Persd, 

r 

5 

43  39.o5« 

4-199 

37  5i  30.3* 

f! 

i44 

8S7 

a  Eridani* 

r^ 

41 

44  i4-i5 

3.730 

111   37  38.9 

li 

i45 

910 

3  Erldanif 

^ 

3 

49    6*07 

2.938 

99    39    53. Q 

li 

i46 

91a 

S3  Persei, 

T 

5 

49     11.23* 

3.806 

5o  56  39.0* 

ti 

t47 

921 

4S  Arietis, 

e 

5 

5o  38. 60* 

3.4i8 

69  1 5  46,4* 
i53  43  38.3 

U 

i4S 

931 

Horolo^ii, 

5     1 

5i  43.49 

1 .  336 

U 

i4o 

937  ' 

Eridstnif 

f 

n 

52  34.47 

3.369 
+4.296 

i3o  54  3o,5  1 

ti 

isl 
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r 

31 

3  53  57.70* 

37     5    8-t» 

^u 
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No. 

L  ovarii  bma  of 

Loexrirhmi  of                              ] 

a 

h 

.          1          d 

fl' 

b 

1        c' 

ft 

toi 

I02 

io4 
io5 

+9.3417 
8,9859 
9.3740 
9.2045 

8*801  £ 

+8.9570 
8.7029 
8.9939 
8.9262 
8.53II 

+0.6794 
0.3559 
0.6944 
0.1754 
0,4499 

+  9.3152 
-8.8845 
+9,35i5 
-0.1728 
— 8.3711 

+9.4567 
—9,8000 
+9.4840 
—9.7733 
—9.7634 

—  9.9317 

+9.8465 

-9-9247 
+9.Qi5i 
+9.5149 

— I*35o^ 

i.35oo 
1.2494 
I .3490 
I ,2472 

+9.6634 

9.6648 
9.6671 
9.6685 
9,6749 

1 

107 
108 
109 
no 

9.1005 
8.7678 
8.8934 
8.9199 
9.1706; 

8.8354 
8.5o39 
8.63i3 
8.5623 
d.9i3i 

0.3683 
0,4904 
0.56I2 
0.3828 
0.1936 

—9.0476 
+7-3187 
+8.7155 
—8.7737 
—9.1339 

-9.7954 
—9.6198 
-7.7709 
—9.8133 
— 9-7894 

+  9.8910 
-6.4945 
—9.7654 

+9-7949 
+9.9055 

1.2461 
1.3458 
1.3454 
1.3444 
1.3443 

9.6788 

9-6797 
9.6811 
9.6845 
9.6847 

in  1 

tl'2 

ii3 
n4 
ti5 

8.7980 

8.8436 
8.7603 
8,8333 
8.9612 

8.5530 
8.6078 
8.5435 
8.6118 
8.7702 

0.5348 
0.5476 
o.5oii 
0.4221 
0.3398 

+8.3854 
+8.5943 

+7-9**!* 
— 8.54o5 
—8.8590 

— 9.319S 
— 8.879J 
-9.55t6 
—9.8084 
— 9.84i3 

-9.5363 
-9.6875 
— 9.0839 
+9.6476 
+9.8334 

i.24u 

1. 2391 

1.3341 

1.2336 
1.2369 

9,6948 
9.7011 
9.7152 
9.7190 
9,7336 

116 

117 
118 
119 

ISO 

S.7487 
8.9907 
9.1447 
8.750a 
9.1910 

8.56o3 
8.8029 
8.9769 
8.5902 
9.0326 

0.4806 
0.6145 
0.6828 
0.4617 

O.03o4 

-7.5539 
+8.9049 
+9.1078 
— 8,ioi3 
—9*1621 

—9.6701 
+9.29S6 
+9.5376 
— 9.740S 
—9.8368 

+8,7391 
-9.8379 
— 9.S807 
+  9.3662 
+9'S857 

1 .3361 
I.235o 
I. 2196 
1.2173 
1.2168 

9.7355 
9.7359 

9.7497 
9.7551 
9.7561 

131 
122 
133 
134 
135 

8.7410 
8.9130 
8.7475 
8.7279 
8.7207 

8.5870 
8.7642 
8. 6126 
S.6o5o 
8.6138 

o.5oi8 
o.34a3 
o.454t 
0.4969 
0.4666 

+7.8728 
—8.7867 
—8.1853 
+7.6625 
-6.4704 

-9.5468 
-9*S579 
—9.7630 
-9.58o5 
—9.6410 

—9.0449 
+9.7850 
+9-3444 
—8.8370 
+  7.6465 

i,3i53 
I.2I36 
1.2088 
1 .2o46 
1 .1990 

9.7591 
9.7626 
9.7718 
9*7795 
9.7889 

isG 
127 

ts8 
129 
i3o 

8.7304 
8.8970 
8.8571 
8.7668 
8.8353 

8.6244 
8.7975 
8.7580 
8.6700 
8.7388 

o.46o5 
0 . 6o36 
0.3578 
0.5438 
0.3733 

—8.0663  1 

+8.7721 

—8.6952 

+8.4349 
-8.6478 

—9.7461 
+9.3548 
-9.8713 
— 9.0090 
-^9,8668 

+9.2316! 
—9*7686 
+9.7315 
—9.5506 
+  9,7049 

I. 1983 

1.1953 

1.1957 
1.1948 
1.1946 

9.7901 
9.7941 
9.7943 
9.7957 
9.7959 

i3i 
l3a 

1 33 
|34 
i35 

8.7156 
8.7191 
8.7269 
9.1564 
8.7360 

8.6321 
8.6307 
8.6391 
0.0697 
8.6525 

0.4926 
0,5067 
0.455I 
9.9413 
0.443I 

+7*3734 
+  7-9357 
^8.1255 
— 9.1262 
—8.2533 

—9.6075 
— 9,5io4 
— 9.7623 
^9.8735 
—9.7918 

— 8.54811 
— 9,io58 
+9.2875 
+9.8584 
+9.4045 

1,1934 
1.I9I4 
I. 1912 

1.1907 
1.1895 

9.7978 
9.8008 
9.8013 
9.8019 

9.do3e. 

laa 
137 

i38 

139 

8.7664 
8.9528 
8.7357 
8.8080 
8.7550 

8.6863 
8.8758 
8.6531 
8.7363 
8.6833 

0.5487 
0.6344 
0.5337 
0,5737 
0.5446 

+8.4467 
+8,8676 
+8,1876 
+8.5944 
+8.4067 

-8.8737 

+9.4479 
—9.3585 
+8. 7160 
—8.9913 

—9.5662 
-9.7994 
—9 .  3447 
—9.6688 
-9.5340 

I. 1881 
1. 1868 

i.i85o 

1.1847 
1.1846 

9.8o58 
9,8076 
9.8103 
9.8106 
9.8107  , 

i4i 

l43 

143 
1 44 
145 

8.7803 
9.1340 
8.9143 
8.7330 
8.6991 

8.7149 
9,0703 
8.8523 
8.6731 
8.6577 

0.3986 

9-9447 
o,623o 
0.4350 
0.4654 

— 8.5i68 
—9.1020 
+8.8117 
—8.2995 
^7.9166 

—9.8570 
-9.8853 
+9.3993 
—9,8099 
—9.7316 

+9.6r63 
+9.8469 

—9-7757 
+9.4439 
+9.0867 

I .1830 
1.181a 
I. I 806 
1.1796 
1.17*4 

9.8143 
9.8153 
9.8163 
9.8175 
9.8378 

i46 

i47 
i48 
149 
i5o 

8.8038 
8.7195 
9.0424 
8. 8086 
+8,9043 

8.7618 
8.6840 
9.0110 
8.7805 
+8-88i3 

0,5799 
0.5333 
0.0885 
0.3576 
+0.6333 

+8.6022 
+8.3686 
—8.9951 
— 8<6348 
+8.8061 

+8.9395 
-9.2199 

—9.9046 
—9,8898 

-9.6685 
— 9.4i56 
+9.8173 
+  9.6793 
-9.7625 

1.1713 

1.1687 

1.1668 

1-1653 

—  1. 1629 

9.8380 
9.83io 
9  8333 
98350 
+9  ^^^71. 
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1 
No. 

B.A.C. 

Constellation. 

M«f. 

Right  Ascension, 
Jan.  1, 1850. 

Annual 
Variation. 

North  Polar  Dist., 
Jan.  1, 1850. 

Ai 

Var 

l5l 

948 

Persei, 

5 

k.    m.       «. 
2  54  x8.4o* 

+4.440 

0      *• 
33  53  x6.6* 

l52 

949 

92  Ceti, 

a 

2i 

54  26.60* 

3.X29 

86  3o     7.4* 

i53 

952 

9  Eridani, 

P' 

5 

55  20. 58 

2.937 

98  x6  42.0 
5x  44  4o.5 

1 54 

953 

25  Persei, 

P 

4 

55  34.81 

3.8x5 

i55 

954 

IX  Eridaxii, 

r» 

4 

55  46.82 

2.643 

xx4  12  56.x 

i56 

956 

Horolo^i, 

5 

55  55.87 

1.X09 

x54  4o    7.2 

i57 

959 

10  Eridani, 

P* 

5 

56  54.63 

2.943 

98   XX   26.6 

1 58 

962 

Persei, 

I 

4 

58  x5.67* 

4.280 

4o  57  5x.6* 

1 59 

963 

26  Persei, 

P 

2i 

58  25.56* 

3.871 

49  37  34.0* 
45  42  54.2* 

160 

967 

27  Persei, 

K 

5 

59  23.96* 

4.009 

161 

981 

28  Persei, 

CJ 

5 

3     X  37. 4x 

+3.845 

5o  57  44.3 

162 

982 

Hydri, 

e 

5 

I  58.36 

— 0.008 

x62  29  27.7 

i63 

986 

57  Arietis, 

6 

4 

3     3.58* 

+3.418 

70  5o  39.9* 

1 64 

997 

12  Eridani, 

a 

3i 

5  42.08* 

2.55o 

XX9  34  53.0* 

i65 

999 

58  Arietis, 

c 

5 

6  17.21* 

3.434 

69  3o  53.9* 

166 

lOOI 

Cassiopeae, 

5 

6  5i.i5* 

5.X52 

24  54    8.5* 

167 

ioi3 

1 3  Eridani, 

c 

4 

8  33.08* 

2.910 

99  22  48.8* 

168 

1028 

96  Ceti, 

«» 

5 

XX   29. 9X 

3.X39 

87  XX     3.0 

169 

io34 

61  Arietis, 

r» 

5 

X2    34.43* 

3.449 

69  23  5o.2* 

170 

io37 

x6  Eridani, 

T* 

31 

X2    50.67* 

+2.665 

XX2  x8  24.8* 

171 

io38 

Mense, 

5 

12    52.60 

-2.334 

X69  32  55.2 

172 

1043 

33  Persei, 

a 

2i 

i3  38.35* 

+4.241 

4o  4o  39.3* 
x33  38  48.6 

173 

io44 

Eridani, 

4i 

x3  55. o5 

2.365 

174 

io56 

Hydri, 

5 

x6  18.90 

0.673 

x57  28  29.7 

175 

xo57 

I  Tauri, 

0 

Ak 

16  44.83 

3.222 

8x  3o  X0.7* 

176 

io58 

Camelopardi, 

4 

x6  57.92* 

4.789 

3o  35   x6.6* 

177 

1062 

Camelopardi, 

4 

17  58.42* 

4.725 

3i   38  49.0* 

178 

io65 

Camelopardi, 

5 

18  35.65 

4.523 

35     4  25. 0 

, 

179 

1068 

2  Tauri, 

1 

4 

19     2.68* 

+3.243 

80  47  37.8* 

180 

1070 

Hydri, 

5 

19  44.02 

-X.794 

167  55  57.7 

181 

1071 

35  Persei, 

a 

5 

20     x.3i* 

+4.194 

42  3i   38.7* 

182 

1090 

17  Eridani, 

ik 

23  10.75 

2.973 

95  35  36.6 

i83 

1099 

37  Persei, 

V' 

5 

25  5i .02* 

4.228 

42  x8  4o.8* 

1 84 

1 1 00 

x8  Eridani, 

e 

^ 

25    52.25 

2.826 

99  58     8.3* 

i85 

iio4 

X9  Eridani, 

r» 

4 

27    9.79 

2.643 

XI2       8    20.3 

186 

IX12 

xo  Tauri, 

4i 

29  i3.43 

3.o58 

90    4  40.9 

187 

II25 

Eridani, 

5 

3i  42.77 

2.147 

i3o  46  xo.o 

188 

X129 

39  Persei, 

6 

3 

32  i5.85* 

4.235 

42  4i   5o.o* 

189 

xi33 

Camelopardi, 

5 

32  58. 06* 

5. 161 

27     8     6.4* 

190 

1x37 

Camelopardi, 

7 

41 

34  34.89 

6.139 

X9     8  x4.5 

191 

1x38 

38  Persei, 

0 

4 

34  55.48* 

3.733 

58  XX  27.3* 

192 

xx39 

4 1  Persei, 

V 

4 

35     i.i3* 

4.o46 

47  54     1.5* 

193 

xi44 

Camelopardi, 

5 

35  5o.o7 

5.392 

24  56  42.6 

194 

1 147 

X7  Tauri, 

41 

35  58.74* 

3.548 

66  21  43.9* 

195 

xx48 

23  Eridani, 

6 

31 

36    4.o5 

2.87X 

xoo  x6  28.0* 

196 

ix5o 

Eridani, 

5 

36  17.03 

2.378 

X22  a5  i3.5 

197 

xi5i 

19  Tauri, 

5 

36  17.22* 

3.557 

66     0  28.0* 

198 

1x54 

20  Tauri, 

5 

36  54. 5o* 

3.555 

66     6  19.0* 

199 

1x59 

Eridani, 

v» 

5 

37  X7.05 

2.248 

X27  47  19.6 

200 

xx6f 

23  Tauri, 

5 

3  37  25.92* 

+3.549 

66  3i  23.4* 

—  I 

■ 

^        Table    XXX.       ^^M 

^40^J 

r 

w 

Catalogue   op    1500    Stars. 

^ 

1 

i-*- 

LoffvUbmf  or 

LuiTBiithuis  of 

1 

a 

b          1          c 

d 

a" 

h' 

1       c 

i' 

iSi 

+8.9376 

+8.91G0 

+0.6477 

+8.8506 

+9.5188 

—9.7793 

—  1.1622 

+9-8384 

I  S3 

8.6843 

8,6634 

0.49^1 

+7.4699 

—9.5923 

—8.6452 

1 . 1 620 

9.6387 

^^ 

1 53 

8.6866 

8,6689 

0.4678 

-7-^449 

-9.7235 

+9.0164 

1.1604 

9.84o5 

^1 

^^ 

1 54 

8.7866 

8.7698 

o.58oo 

+8.5784 

+8.0469 
-9.6328 

—9.6495 

I.1S99 

9.8410 

H 

i, 

iS5 

8.7313 

8.7053 

0.4338 

—8.3343 

+9'47o3 

I. 1596 

9.84i3 

I 

1 

iSG 

9.0497 

9.0343 
8.6719 

o.o45o 

—9.0058 

—9.9103 

+9.8i3a 

1. 1593 

9.84j6 

V 

■ 

.57 

8.6336 

0.4678 

™7'^374 

—9.7234 

+9,0090 

1.1575 

9.8436 

^^^ 

■ 

i5S 

8.6600 

8.8534 

0.6182 

+8.7381 

+9 '3^99 

-9,7308 

t.i55o 

9.8462 

^^^1 

■ 

.59 

8.7945 

8.7885 

0.5376 

+8.6059 

+9*<^945 

—9.6639 

1.1547 

9,8465 

;  ^^^1 

1 

i6o 

8,8197 

8.6174 

0.6010 

+8.6637 

+9-2594 

—9.6946 

1.1538 

9.8483 

V 

M 

tOi 

8.7800 

6.7863 

0.5846 

+8.5793 

+  9.0469 

—9.6456 

1.1486 

9.8535 

^^1 

tG2 

9.1913 

9.1968 

6. 6823 

—9.1707 

— 9.9089 

+  9.8351 

1.1479 

9.8533 

^^^H 

1 

i63 

8.6933 

8.7039 

0.5319 

+8,3o83 

^9.3435 

-9-3597 

1.1458 

9.8552 

^^^H 

1 64 

6.7330 

8.7446 

o.4ot5 

— 8.4i64 

-9.8664 

+  9.5318 

1.1 4o6 

9 . 8600 

^1 

i05 

8*6895 

6.7t34 

0.5357 

+8,3335 

—9.1637 

—9.3813 

1.1395 

9.8611 

■ 

iG6 

9.0357 

9.0616 
8.6949 

o.7i3a 

+8.9933 

+9.6790 

-9.7938 

I.I384 

9.8621 

^1 

1G7. 

8.6634 

0.4637 

—  7.8746 

^9.7395 

+9.0448 

1.1349 

9.6651 

H 

^ 

1 68 

6. 65 10 

8.6946 

0.4941 

+  7.3423 

—9.5988 

-8.5179 

1.1288 

9.8703 

^1 

■ 

169 

8.6769 

8.7347 

0.5372 

+8.2233 

-9.1587 

—9.3707 

1.1265 

9.8721 

^1 

1 

170 

8.68t4 

8,7303 

+0.435I 

—9.3607  i 

-9.8354 

+9.4o3o 

t.1359 

9.8735 

■ 

1 

171 

0.3889 
8.83i8 

9.4378 
8.8837 

—0.3681 

—9.3817 

—9.9096 

+9.8164 

1.1359 

9.8736 

I 

w 

173 

+0.6268 

+8.7117 

+9,4538 

—9.7019 

1.1343 

9.8739 

^1 

■ 

173 

8.7859 

8.8387 

0.3355 

-8.6248 

—9.9195 

+  9,6604 

1.1337 

9,8743 

^1 

1 

174 

9.0569 

9*1189 

9.8026 

—9,0334  ' 

—9.9366 

+  9*7618 

1.1185 

9.8783 

H 

■ 

175 

8.6440 

8.7077 

o.5o8i 

+  7.8i36 

— 9.5016 

—  8.9849 

1.1175 

9.8790 

■ 

176 

8.9331 

8.9967 

0*6798 
0.6739 

+8.8671 

+9.6348 

—9.7498 

1.1171 

9.8794 

J 

'77 

8.9166 

8,9850 

+8.8467 

+9.6338 

—9.7427 

1.1148 

9.8810 

*^^^l 

178, 

8.8757 

8,9465 

0.6553 

+3.7887 

+9.5733 

—9.7242 

i.ti34 

9.8820 

^^^H 

179 

8.6398 

8.7133 

+0.5 1 00 

+  7.8438 

—9.4863 

—9.0143 

I  .1124 

9.8637 

'^^^H 

iSol 

9-3133 

9.3875 

—0.3344 

—9.3036 

—9.9238 

+9-799«> 

I .1109 

9-8836 

1 

USi 

8 ,8030 

8.8783 

+  0.6219 

+8.6695 

+9.4335 

-9,6755 

1 .1102 

9.8643 

■ 

iSa 

8.6268 

8.7153 

0.4736 

^7*6157  1 

—9.7054 

+  8.7897 

i.io3o 

9.8893 

H 

i83 

8.7903 

8.8891 

0.6253 

+  8.6592 

+9.4568 

—9.6634 

1.0967 

9.8933 

B 

t84 

8.625o 

8.7^39 

o.46o4 

—  7,8634 

—9.7504 

+9.0338 

1.0967 

9.8934 

^1 

i85! 

8.6485 

8,752s 

0.4321 

-S.3347 

-9.8439 

+9.3675 

t.0936 

9.8953 

I 

186 

8.6io3 

8.7223' 

0  48701 

-5.7446 

—9,6386 

+6.9306 

1.0886 

9.8983 

■ 

187 

8.7348 

8.8466 

0.3336, 

-8.5397 

-9.9393 

+9,5951 

1.0824 

9.9019 

H 

188 

8.7714 

8.8953 

0.6363 

+8.6377 

+9.4672 

-9.6451 

1.0810 

9.9027 

H 

169 

8.9419 

9.0686 

0.7137 

+8.8913 
+9.0565 

+9-7119 

—9.7264 

1.0793 

9,9037 

H 

190 

9«odia 

9.3143 

0.7906 

+9 '79*4 

—9.7482 

1.0751 

9.9060 

1 

191 

8.6666 

8.8011 

0.5728 

+8.3885  : 

+8.7497 

—9.4939 

1.0742 

9.9065 

■ 

193 

8.7353 

8.8601 

0 . 6069 

+8.55t6 

+9.3399 
+9.7405 

—9.5981 

1 . 0740 

9 . 9066 

^1 

193 

8.9685 

9 . 1 066 

0.7330 

+  8.9260 

-9.7271 

1.0719 

9  9077 

^1 

194 

8.63i3 

8.7699 

0.5495 

+8,3343 

—8.8645 

-9.3734 

1 .0715 

;    9-9079 

^1 

195" 

8 . 6000 

8.7390 

0.4586 

— 7.85i3 

-9.7569 

+9.0304 

1.0713 

9.9081 

^H 

196 

8.6660 

8 . 6059 

0.3771 

-8.3953 

—9.9033 
-8.8374 

+9.4978 

1.0707 

9.9084 

^^1 

'97 

8.63i6 

8.7715 

o.55o5 

+8.3408 

—9.3777 

1 .0707 

9 . 9084 

^^^1 

198 

6,6397 

8,7730 

o.55o4 

+8.3373 

—8.8338 

—9*3744 

1.0691 

9.9093 

^^^B 

199 

8 . 6990 

8.8359 

0,3480 

-8,4793 

—9.9247 

+9. 553  J 

i.o68t 

9.9097 

^1 

aoo 

+8.6369 

+S.7714 

+0.5493 

+8,3373 

—8.8704 

—9.3658 

—  1.0677 

+9.9099 

H 

^ 

f 

J 
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No. 

s.A.a 

Ctmitellatioii. 

M,«. 

Ian.  1,  18M, 

AnniiRt 

Nonli  Polv  Ti'tMU, 

Anniul 
Variftllaii. 

dor 

ri66 

25  Tauri» 

n 

3 

A.  m.        §. 
3  38  34*56* 

+3.553 

0      '        f 
66  21  46.7* 

— ii-5€ 

aoa 

it63 

36  Eridani, 

ir 

5 

39     3,33 

3.830 

toa  34  33,2 

It, 61 

^o3 

1 174 

3q  Tauri, 

e 

5 

4o    2*99 

3.379 

79  19  30. 7* 

11,45 

ao4 

1*7*3, 

37  Tauri, 

5 

4o  i5.o9* 

3,55a 

66  34  35. o* 

tt*4^ 

flo5 

mSi 

27  Eridani, 

T» 

41 

Aq  23.78 

2,582 

ii3  4i  43.0 

10.95 

ko6 

1191 

38  Eridani, 

T^ 

5 

4i  13.59* 

a.  577 

ii4  30  34,4* 

11.45 

207 

1197 

Reticult, 

4 

43  19-71 

0.703 

i55  16  46,5 

11,47 

aod 

1 199 

Eridani, 

5 

43    3,90 

3.S30 

128     4  5j.8 

11,4c 

309 

1201 

Eridani, 

v^ 

4 

43  5o.3o 

3,233 

126  39  s6,5 

u,iS 

SIO 

tao3 

Camelopardi, 

5 

44  i3-8i* 

5.197 

37  22  a6,5* 

11. 25 

3ti 

1307 

44  Persei, 

f 

3i 

44  43,86* 

3.755 

58  33  59.4* 

M.l^ 

aia 

I3tl  ! 

Caasiope«» 

5* 

AS  i3.34* 

+9,565 

9  43  36,5* 

M.lS 

3l3 

laiSl 

Hydri, 

5 

46  [Q.io 

-0*445 

162  23  54,8 

ii,o« 

fli4 

I3l6 

32  Eridani, 

5 

46  45,83 

+  3.011 

93  24     6.8 

11,01 

21S 

[317 

33  Eridani* 

r* 

5 

47    30*34 

2.556 

n5     3  4o,4 

10*  8g 

310 

1319 

45  Peraei» 

€ 

3t 

47  48, o5* 

3.997 

5o  25  43,6* 

10,91 

10. 8€ 

317 

I330 

Eridani, 

V^ 

5 

47  55,69 

2,277 

135  10  44.4 

3l8 

133d 

46  Persei, 

i 

5 

49  14.57 

+3.869 

54  38  43,9 

1     10.75 

319 

1 33a 

Hydri, 

r 

3 

49  39.76 

^i,o3e 

164  4i  53.0 

1     10.87 

330 

1234 

34  Eridani, 

r 

3* 

5i     1,93* 

+2.796 

io3  56   19.7* 

10, 6c 

33r 

is4i 

35  Tauri, 

7. 

4 

5a  23.49*1 

3.3i5 

77  56  i5,8* 

10,61 

333 

1243 

36  Eridani, 

T* 

5 

53  31,9a 

3,555 

ii4  26  43*0 

10. 5a 

83^ 

1245 

35  Eridanj, 

5 

53  56,19 

3,o34 

91   58  27,3 

10.43 

334 

I35t 

38  Tauri, 

V 

5 

55  10,90 
55  35.82* 

3.t85 

84  25  5i,o 

10. 3g 

33S 

1254 

47  Peraei, 

X 

41 

4.43i 

4o     3  41.5* 

10.3] 

336 

1257 

37  Tauri, 

A» 

5 

55  5o,o3* 

3.534 

68  19  57.2* 

10,3^ 

337 

1359 

Reticulir 

fJ 

5 

56  23, 4i 

0.954 

i5i  49  34,7 

9-9S 

338 

ta66 

48  Persei, 

c 

5 

57  47.24» 

4.326 

43  4i   36,9* 

to.ii 

3^0 

1270 

Reliculi, 

y 

5 

58  44,36 

o,83i 

t52  34  42,5 

10, ai 

23o 

1271 

Reticulij 

I 

5     ' 

58  54.05 

0,986 

i5i   3o     3-7 

9*9^ 

a3i 

1387 

5 1   Peraei, 

^ 

4i 

4     3  53,99* 

4*373 

4t  58  39,0* 

9,6^ 

z33 

1390 

38  Eridani, 

0^      ' 

4^ 

4  33,77 

3.933 

97  1 3  58, 0 

9,7/ 

333 

1291 

52  persei, 

/ 

5 

4  41.49 

4,059 

49  54     &.B 

9,6c 

334 

1399 

Horologii, 

d 

S 

5  47^66 

2,027 

i32  23  t4.5 

9*6! 

ii35 

i3oi 

Persei, 

6' 

5 

6  58,98 

4,43i 

4o    4  47 iO 

9M 

336 

i3i>3 

39  Eridani, 

A 

5 

7  15.73 

2.85t 

100  37  57.8 

9*"^ 

237 

i3t>4 

49  Tauri, 

M 

5 

7  33. 5t 

3.2  5o 

81    29   l4*3 

9M 

238 

|30Q 

i3i5 

4o  Eridani, 

o» 

4i 

8  33.16 

3,763 

97  53  33,5 

5,94 

U39 

Horologii, 

a 

5 

9       2.23 

1,992 

i33  39  57,2 

9*1^ 

Lo 

t3s6 

52  Tauri, 

^ 

5 

11     8,i5 

3,673 

63    0  44*3 

9-13 

>4. 

t32S 

54  Taari, 

r 

31 

II    15,75* 

3,4oT 

74  44  31,1* 

9^14 

/843I 

133 1 

Doradtifl, 

y 

4 

12     6,08 

1.556 

[4i   53     0,4 

9*34 

3431 

i333 

4 1   Eridani, 

t;* 

n 

13     12*96* 

2 .  264 

124  10    6,4* 

9,07 

a44l 

1 3  36 

Reticuli, 

a 

3* 

13  30.33 

0.745 

i5a  5i     4<3 

9*o4 

345 

1344 

Retieuli, 

£ 

5    ' 

i3  54*13 

i.oo8 

149  39  53,9 

8.58 

!i46 

1346 

6r  Tauri, 

d^ 

4 

i4  17.36* 

3,4So: 

72  4S  5o.i* 

8.91 

8,69 

247 

]34S 

Horologii, 

5 

i4  32.37 

1,907 

t34  37  48.9 

248 

i356 

64  Tauri, 

^" 

41 

i5  27,26* 

3,45i 

73  54  39,2* 

a. 63 

\^l 

1 358 

Eeticuli, 

e 

1  5' 

16    0,90 

0,683 

j53  37  io,4 

9,03 

1 365 

68  Tauri, 

6* 

5 

4  16  49.0I* 

+  3.464 

7a  25    9.1 

-8.74 

Table  XXX. 


409 


Catalogue   of   1500   Stars. 


1 

No. 

Loffsiitbifm  of 

LojpfariiHniii  of                                 ] 

a 

ft 

c        1         d 

a' 

A' 

c' 

d' 

301 

+8.6244 

+8.7734 

+o.55oo 

+8*3375 

—8.8488 

—9.3655 

— I .0646 

+9.9115 

K 

aoa 

8.5956 

8.7466 

o*45i3 

-7,933s 

-9.7791 

+9.0991 

1.0634 

9.9131 

■ 

aoa 

8 , Syoo 

8.7449 
8*7755 

o.5i5S 

+7.8578 

—9.4387 

— 9.0363 

I ,0607 

9.9134 

■ 

ao4 

6. 6197 

o.55ot 

+8.2230 

-8.8426 

—9.3602 

I .0601 

9.9137 

1 

izo5 

8.6:97 

8.7761 

o.4i33 

-8.2338 

-9.8615 

+9.3616 

1.0597 

9.9^39 

206 

8.6197 

8.7793 

0.41 o5 

—8.2348 

— 9*8659 

+9.3704 

1,0575 

9.9160 

ao7 

8.9548 
8.6780 

9.1190 
8.8453 

9.8393 

—8.9130 

—9.9689 

+9.7105 

I.0544 

9.9164 

■ 

2o8 

0.3433 

—8*4683 

— ^9.9303 

+9.5403 

I ,o524 

9.9174 

■ 

a  09 

8,6676 

8.d38o 

o.35i4 

—8.4436 

-9.9357 

+9 -5340 

l.o5o3 

9,9184 

1 

3IO 

8.9083 

9.0802 

0.7171 

+8.8567 

+9.7301 

—9.6954 

1.0493 

9,9189 

1 

211 

8.6384 

8.8123 

0.6740 

+S.3557 

+  8.7993 

—9.4628 

1.0478 

9.9195 

1 

aia 

9.3404 

9.5i63 

+0.9805 

+  9.334t 

+9.B733 

—9.7379 

t.o464 

9.9201 

1 

213 

9.0848 

9.2647 
8.7467 

—9.6488 

—9,0639 

—9.9668 

+9.7206 

i.o436 

9.921S 

I 

ai4 

8.5644 

+0.4777 

-7.3377 

-9*6838 

+8.5i3o 

i.o4t9 
x«o4o3 

9. 92s I 

ai5 

8 .6049 

8,7896 

0.40C1 

— 8.33i8 

-9.8737 

+9.3650 

9 . 9338 

ai6 

8.6736 

8.86o3 

0.6017 

+8.4778 

+9.3999 

—9.5409 

I. 0389 

9.9334 

ai7 

8.647S 

8.8350 

0.3580 

— 8.4o83 

—9.9231 

+9.4988 

i*o385 

9*9335 

3l8 

8*6449 

8.8376 

+0.5876 

+8.4073 

+9,1242 

—9.4949 

1.0347 

9,9361 

UI9 

9.t338 

9.3380 

'-'O.OI97 

—  9. 1181 

—9.9671 

+9.7156 

1.0335 

9.9266 

■'i 

aao 

8.5640 

8.7642 

+0.4456 

-7-9458 

-9.7958 

+9,1089 

t.0394 

9.9373 

1 

331  1 

8*5567 

8.7635 

o.52o3 

+7.8768 

—9.3937 

— 9.0432 

1.0253 

9.9389 

1 

293 

8.S84a 

8.7949 
8.7549 

0.4071 

—8.2010 

—9.8736 

+9.3363 

1 , 03 1 8 

9.9303 

I 

333 

8.5435 

0.4816 

—7.0796 

—9.6657 

+8.2555| 

i.oao5 

9.9307 

1 

334 

8*54o4' 

8.7581 

o.5o37 

+7.5374 

—9.5437 

—8.7014 

1 .0166 

9.9321 

■ 

335 

8.7389 

8.9477 

0.6465 

+8.6138 

+9.5748 

—9.5975 

I .0159 

9-9324 

336 

8.5681 

6.7886 

0.5472 

+8.1354 

-8,9390' 

—9*3797 

i.ot46 

9.9339 

9,9335 

237 

8.8604 

9.0833 

9.9679 

—9.8057 

-9*0829 
+9.5296 

+9*6558 

I .0128 

'jaS 

8.6988 

8.9277 

0.6353 

+8.565I 

—9.5724 

1 . 0084 

9.9351 

339 

8.8637 

9.0968 

9.9274 

— 8.8iao 

-9.9851 

+9.65i3 

I .oo53 

9.9361 

a3o 

8.8478 

9-0S16 

9.9749 

8.79^7  1 

—9.9850 

+9.6465 

1 .0048 

9.9363 

33l 

8*6845 

8.9403 

o.64o5 

+8.5557 

+9.5561 

-9.5571 

0.9861 

9.9417 

233 

8.5iit 

8.7698 

0*4657 

—7.61  II 

—9,7330 

+8.7837 

0,9859 

9 . 9424 

-33 

8.6a35 

8.883d 

0.6083 

+8.4324 

+  9,366i 

—9*4932 

0.9854 

9.9426 

234 

8.6349 

6.8992 

o.3ao8 

—8.4636 

—9,9603 

+9,5o8i 

0.9816 

9.9437 

335 

8,6903 

8 , 9600 

o*65o3 

+8.5741 

+9.5962 

— 9.5590 

0.9774 

9 . v449 

236 

8,5o57 

8.7766 

0*4548 

—7.7717 

-9.7702 

+8.o4o3 
-8.8441 

0*9765 

9.945a 

237 

8,5oa5 

6,7740 

o.5ii5 

+7*6728 

-9.4753 

0,9760 

9.9453 

338 

8.4983 

8.7743 

0.4634 

—7*6359 

—9.7413 

+8.8079 

0.9735 

9.9463 

339 

8.6253 

8.9044 

0.3967 

—8.4564 

—9,9633 

+9.4989 

0.9701 

9.9470 

34o 

8.5343 

8.8330 

0*5654 

+8.1911 

+8*3379 

-9.3171 

0.9635 

9*9490 

34l 

8.4993 

8.7887 

0,5309 

+7.9196 

— ^9.3662 

—9,0801 

0.9630 

9.9493 

243 

8.6900 

8,9833 

0.1911 
0.3544 

—8*5857 

—9.9863 

+9.5534 

0,9589 

9.9600 

243 

8.5634 

8.8563 

—8.3119 

— 9.9344 

+9.4057 

0.9584 

9.9601 

a44 

8.8198 

9*ii5o 

9.8721 

—8.7691 

—9.9964 

+9.6045 

0.9574 

9.9504 

345 

8 . 77o5 

9.0733 

o.oti3 

—8.7065 

—9.99^3 

+9 ,5860 

0.9531 

9.9617 

346 

8,4933 

8.7958 

0.5367 

+7.9627 

—9,1761 

—9. 1 190 

0,9507 

9.9631 

247 

8.6191 

8.9339 

0.3760 

—8.4658 

—9.9733 

+9.4941 

0.9497 

9.9633 

248 

8.4875 

8.7967 

0.5365 

+7.9557 

-9.1787 

— ^9,  I  123 

0.9463 

9,953a 

349 

8.61S0 

9.1399 
+8,7991 

9.8114 

—8.7702 

-9.9991 
—9.1514 

+  9,5940 

0.944*^ 

9.9537 

aSo 

+8.4833 

+0.53811+7,9634 

—9.  I  187 

^0,9409 

+9.9544 
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Na 

B.A.C. 

CoQsteUaUon. 

Mag. 

Right  AMMflion, 
Jan.  1, 1850. 

Annoal 
VariaUon. 

North  Polar  Diat., 
Jan.  1, 1850. 

Annual 
Variation 

25l 

1367 

69  Tauri, 

v» 

5 

k.    m.       9. 
4   17  20. 3o* 

+3.579 

0      /       // 
67  3i  53.1* 

—  8.6( 

252 

1370 

73  Tauri, 

IT 

5 

18     8. II 

3.38o 

75  37  48.5 

8.5( 

253 

1372 

43  Eridani, 

V* 

4 

18  24.35 

2.254 

124  22  10. 0* 

8.5i 

254 

1376 

74  Tauri, 

e 

31 

19  51.70* 

3.494 

71       9    25.1* 

8.4: 

255 

i38o 

77  Tauri, 

^ 

4i 

20    0.55* 

3.4i3 

74  22  3i.5* 

8.4: 

256 

i38i 

78  Tauri, 

8* 

4i 

20     6.i8* 

3.420 

74  28     0.0* 

8.4( 

257 

i383 

Reticuli, 

V 

5 

20  16.91 

0.619 

i53  44  34.4 

8.7( 

258 

1409 

86  Tauri, 

P 

5 

25  20. 4i* 

3.402 

75  28  33.0* 

8.0s 

259 

i4i3 

C«li. 

d 

5 

26  14.77 

i.84i 

i35  16  41.7 

8.oe 

260 

1419 

47  Eridani, 

5 

26  58.23* 

2.888 

98  32  57.7* 

7.91 

261 

1420 

87  Tauri, 

a 

I 

27  19.12* 

3.436 

73  47  49 -o* 

I'l^ 

262 

X42X 

88  Tauri, 

d 

5 

27  24.85 

3.285 

80     9     4.7 

7.8: 

263 

1422 

5o  Eridani, 

V* 

4i 

27  37.56 

2.35i 

120    4  20.5 

7.6^ 

264 

1429 

48  Eridani, 

V 

4 

28  49.69 

2.994 
2.333 

93  39  46.8 

7-7: 

265 

1433 

52  Eridani, 

v' 

n 

29  43.40 

120  52  23.7* 

7.6^ 

266 

1434 

90  Tauri, 

c» 

5 

29  46.75 

3.35o 

77  47  39.8 

7.6« 

267 

i438 

Doradils, 

a 

3 

3o  45.81 

X.289 

i45  21  25.4 

7.61 

268 

i44i 

53  Eridani, 

4 

3i   18.87 

2.746 

io4  36     3.0 

7-4i 

269 

1442 

93  Tauri, 

c^ 

5 

3i  42.69* 

3.336 

78     6     1.2 

7.5: 

270 

1449 

94  Tauri, 

T 

5 

33  i4.84* 

3.592 

67  20    8.4* 

7.41 

271 

i45i 

54  Eridani, 

4 

33  53.01 

2.623 

109  57  48.3 

7.2J 

272 

i456 

4  Camelopardi, 

5 

35  31.65* 

4.960 

33  3o  58. 0* 

7-0? 

273 

i458 

ClBli, 

a 

4i 

35  43.95 

1.930 

i32     9     9.0 

7..e 

274 

i464 

Celi, 

/? 

5 

36  45.55 

2.122 

127  26  25.3 

7.3s 

275 

1469 

57  Eridani, 

A* 

5 

38     0.43 

3.001 

93  32     0.3 

7.03 

276 

1473 

*Pictoris, 

A 

5 

38  55.97 

i.53i 

i4o  45  55.1 

7.oe 

277 

1474 

9  Camelopardi, 

a 

4 

39     9.42* 

5.906 

23  55  i3.7* 

6.9f 

278 

i486 

I  Orionis, 

7r» 

4 

4i  42.15 

3.258 

83  18  18.7 

6.7] 

279 

1491 

2  Orionis, 

7r» 

5 

42  26.61 

3.272 

81  21  41.7 

6.63 

280 

1495 

3  Orionis, 

tr» 

4 

43  i3.3o 

3.194 

84  39  22.8 

6.5e 

281 

i5oo 

4  Orionis, 

o» 

5 

44     3.o6* 

3.388 

76    0  i4.8* 

6.4^ 

282 

i5o4 

7  Camelopardi, 

5 

45  16.57 

4.785 

36  29  41.4 

6.4s 

283 

i5o7 

61   Eridani, 

u 

5 

45  3i  69 

2.946 

95  42  28.7 
87  48  32.4 

6.4i 

284 

i5i4 

8  Orionis, 

n* 

4i 

46  26.51 

3.122 

6.32 

285 

l520 

3  Aurigae, 

I 

4 

47  13.87* 

3.895 

57    4  37.7* 

6.2! 

286 

i525 

9  Orionis, 

o» 

5 

47  56.48* 

3.370 

76  43  38. o* 

6.ie 

287 

i53o 

4  Aurigae, 

5 

49     4.77 

+4.058 

52  20  3o.8 

6. OS 

288 

i532 

Mensae, 

5 

49  25.09 

— 2.322 

166  34  29.9 
29  47      5.2* 

5.8^ 

289 

i536 

10  Camelopardi, 

/3 

4i 

5o     5.72 

+5.3o3 

6.0c 

290 

1 540 

7  Aurigw, 

c 

4 

5i   12.91* 

4.291 

46  24  16.7* 

5.93 

291 

i54i 

8  Aurig©, 

c 

4 

52       O.Il* 

4. 181 

49     8  56.9* 

5.8e 

292 

1 544 

63  Eridani, 

5 

52  44.67 

2.840 

100  29  12.7 

5.6£ 

293 

1 546 

II  Camelopardi, 

5 

53     7.18 

5.184 

3i   i4  39.5 

5.7C 

294 

i55i 

102  Tauri, 

I 

4i 

54    8.02* 

3.58i 

68  37  45.8* 

5.6£ 

295 

1 552 

65  Eridani, 

V' 

5 

54  10  09 

2.906 

97  23  52.8 

5.6^ 

296 

i554 

9  Aurigae, 

5 

54  56.42 

4.678 

38  36  27.7 

5.4^ 

297 

1557 

II  Orionis, 

5 

56    0.07* 

3.424 

74  48  34.9* 

5.4c 

298 

1 558 

10  Aurigae, 

V 

4 

56    o.3o* 

4.195 
2.438 

48  58  28.2* 

5.4^ 

299 

1559 
i565 

Leporis, 

5 

56     3.90 

116  29  26.7 

5.4^ 

3oo 

Camelopardi, 

5 

4  57  55.03 

+9.671 

10  57  24.2 

-  5.4s 

Table   XXX- 


411 


Catalogue   op    1500    Stars. 


N(k 

Loirmrilbftia  ur 

LoiiarlUitiM  of                                | 

A 

h 

c        1         d 

a* 

r 

€' 

it 

35 1 

353 

a54 
s5S 

-1-8.4948 

8.4712 
8.5396 
8.4743 

8.4663 

+8.8i3i 
8,7933 
8.8631 
8.8o5o 
8.7976 

+0,5526 
0.5289 
0.351I 
0.5431 

0.5327 

+8.0771 
+7.8659 
—8.3913 
+7.0835 
+7.8965 

—8.7521 
—9.2929 
—9.9386 
-9.0723 
—9.^401 

—9.2189 
— 9.0282 

+9.384I 
-9.1357 
—9.0569 

— O.93S9 
0.9357 
0.9346 
0.9287 
0.9381 

+9.9549 
9.9556 
9.9559 
9.9572 
9.9573 

256 

257, 
958 

"^ 

8.4656 
8.8oi9 
8.4416 
8.576a 
8.435a 

8.7974 
9.i356j 
8.7999 
8.9391 
8.7920 

0.5324 
9.7873 
0.5299 
0.2629 
o.46o3 

+7.8934 
—8.7556 
+7.8409 
-8.4277 
—7-5974 

— 9.a438 

— 0.0233 

—9.3797 

— 9.981 1 
—9.7536 

—9.0534 
+9.5775 
— 9 . 0039 
+9.4512 
+8,7686 

0.9978 
0.9270 
0.9058 
0.9018 
0.8987 

9.9574 
9.9575 
9.9619 
9.9C2O 
9.9633 

36l 

36a 
363 
364 
865 

8.4364 
8.4348 
8.48o3 
8.4i3o 
8.4744 

8.8o5o 
8.7939 
8.85o4 
8.7895 
8.8557 

o.535o! 
o.5i64 
0.3726 
0.4759 
0.3678 

+7.8821 
+7.6580 
—8.1803 
— 7*3i84 
— 8*i846 

^g.2o47 
—9.4319 
—9.9224 
—9.6920 
— 9-9a75 

—9,0406 
-8.8276 
+9.2935 
+8.3936 
+9-3943 

0,8971 
0,8967 
0,8958 
0.8904 

0.8863 

9.9635 
9.9636 
9.9637 

9.9^47 
9.9654 

s66 

367 
aSd 
369 
370 

8.4177 
8.6485 
8.4i5o 
8,4o83 
8.4365 

8.7993 
9.0354 
8.8o48 
8.8oo3 
8.8269 

0.5235 
0.1074 
0.4390 
0.5227 
O.5550 

+7^7428 
—8.5638 
-7.81G5 
+7.722G 
+8.0123 

-9.3597 
—0.0034 
— 9.8i5i 
-9,3683 
—8.6274 

— 8.9090 
+9.4946 
+8.9783 
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1 843 

53  Orionist 

K 

3 

2.846 

09  43  38.6 
5o  54    6.0 

1.66 

359 

x845 

32  Aurige, 

V 

5 

4i     5.72 

4.i56 

1.68 

36o 

1849 

3 1  Camelopardi, 

5 

4i  32.o8» 

5.365 

3o    9  i3.i* 

1.57 

36i 

i854 

3o  Aurigae, 

f 

5 

42  16.53 

5.019 

34  20     9.1 

1.52 

362 

x855 

Pictoris, 

5 

42  19.03 

1.667 

i36  39  17.7 

1.47 

363 

1861 

Pictoris, 

/? 

4i 

43  43.82 

1.416 

i4i     7  22.3 

1.54 

364 

i863 

1 36  Tauri, 

4i 

43  54.o6« 

3.771 

62  25  44. 6* 

1.35 

365 

1868 

Doradtb, 

6 

4i 

44  3o.5o 

0.077 

i55  47  35.3 

1.07 

366 

1871 

1 5  Leporis, 

d 

5 

44  52.20 

2.578 

xxo  53  43.3 

0.66 

367 

1876 

54  Ononis, 

X' 

5 

45  3o.o3« 

3.552 

69  45  24.7* 

1. 17 

368 

1878 

Columb», 

0 

3 

45  4o.6i» 

2.109 

125  49  43. 0* 

1.53 

369 

i883 

58  Orionis, 

a 

I 

47     3.i4* 

3.249 

82  37  33. ©• 

i.i3 

370 

2884 

Pictoris, 

Y 

4i 

47     6.37 

1.073 

i46  13  21.3 

1 .06 

371 

i885 

33  Aurigae, 

d 

3k 

47  I0.44* 

4.937 

35  44    3.4* 

1 .01 

372 

1890 

Pictoris, 

5 

47  29 -^'"^ 

1.338 

142    8  4i.i 

1.06 

373 

1891 

Columbae, 

\ 

5 

47  39.73 

2.167 

123  5o  II. 8 

1. 17 

374 

1895 

34  Aurigae, 

/? 

2 

48  3i.46« 

4.4o4 

45    4  27. 7* 

0.97 

375 

1897 

35  Aurigae, 

rr 

5 

48  48. II* 

4.452 

44    4  59.6 

0.9C 

376 

1900 

37  Aurigae, 

e 

4 

49  29. 59* 

4.092 

52  48  12.4* 

0.81 

377 

X901 

16  Leporis, 

V 

4 

49  34.47* 

+2.735 

io4  II  56. 3« 

1 .06 

378 

1905 

Doradtis, 

e 

5 

5o     2.41 

— 0.X20 

i56  56  16. I 

1.08 

379 

1922 

Columbae, 

Y 

4 

52  i3.o3« 

+  2.127 

125  18  10. 8* 

0.61 

38o 

1928 

61   Orionis, 

f* 

5 

54    7-97 

3.3o2 

80  21  28.0 

o.So 

38i 

1933 

Puppis, 

5 

54  33.31 

1.833 

I 32  49   32.2 

o.5o 

382 

1934 

64  Ononis, 

X* 

5 

54  34.74 

3.559 

70  18  46.1 

0.43 

383 

1938 

I  Geminonim, 

5 

55     o.i4* 

3.648 

66  44     2.6» 

0.33 

384 

1939 

63  Orionis, 

;t* 

5 

55     0.76* 

3.565 

69  5i  48.1* 

0.40 

385 

1943 

37  Camelopardi, 

5 

56  44.97* 

5.298 

3i     3  10. 4* 

0.29 

386 

1958 

67  Orionis, 

V 

4i 

59     0.49* 

3.428 

75  i3     7.4* 

0.06 

387 

1959 

]8  Leporis, 

e 

4i 

59  22.12 

2.718 

io4  55  34.4 

—  o.o5 

388 

1979 

4o  Camelopardi, 

5 

6     2  XI. 99* 

5.393 

29  58     3.4* 

+  0.22 

389 

1980 

Camelopardi, 

5 

2  i8.53« 

6.623 

20  38  i3.2» 

0.29 

390 

1982 

Columbae, 

e 

5 

2  23.37 

2.069 

127  i4     5.9 

0.21 

391 

1990 

70  Orionis, 

f 

5 

3  24.69 

3.4i5 

75  45  44.8 

0.34 

392 

1992 

I   Lyncis, 

5 

4    4.90* 

5.538 

28  26  4o.4* 

0.37 

393 

1994 

Monocerotis, 

5 

4  32.98 

2.918 

96  3i   12.5 

o.4o 

394 

2001 

44  Aurigae, 

K 

4 

5  49. i4* 

3.828 

60  27     9.0* 

0.80 

395 

2002 

7  Gemmorum, 

V 

4 

5  49.35« 

3.624 

67    27    18. 2* 

0.52 

396 

2007 

3  Lvncis, 

5  Monocerotis, 

4i 

6   23.2I* 

5.3io 

3o  56  33. 3* 

0.56 

397 

20l5 

4i 

7  32.45 

2.928 

96  i4    0.9 

0.79 

398 

2o34 

Columbae, 

K 

4i 

11   12.95 

3.133 

125     5  37. 2* 

1 .01 

399 

2044 

46  Aurigae, 

5 

i3  20. 48* 

4.629 

4o  38  33. 2» 

1.23 

4oo 

2047 

1 3  Geminorom, 

^ 

3 

6  i3  53.I3* 

+3.636 

67  24  53. 3» 

+  1.34 
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No, 

Lofirttlinu  of 

Logsritlimji  Of                             1 

a. 

1         * 

c 

d 

a           ;          b' 

c' 

I        '^' 

35i 

+8.2416 

+9.1576 

+9.7086 

—8.1899 

—0.0339 

+9.0291 
+7-6i56 

— 0.383O 

+9.9968 

353 

7.8913 

8.8313 

o.4do5 

—6.4398 

—9.6710 

0.3693 

9.9970 

353 

7,9663 

8.9034 

0.3363 

—7.7056 

—9.9624 

+8.7995 

0.3534 

9.9973 

354 

7.B357 

8.8563 

o.4oi3 

—  7.4185 

—9.8933 

+8.5603 

0.2796 

9.9980 

355 

7  *  9000 

8,9323 

0.6184 

+7.7001 

+9.4648 

—8.7659 

0.2681 

9.9981 

356 

7.8093 

8.8633 

0.5656 

+7.4272 

+8 .  267a 

---8.5633 

0.3465 

9.9983 

357 

7.7755 

8.8371 

0.4340 

—7.1852 

—9.8295 

+8.3464 

0.3390 

9.9984 

358 

7.7563 

8.8387 

0.4537 

—6.9841 

—9.7753 

+8.1539 

0,2383 

9.9985 

359 

7*8499 

8.9335 

0.6184 

+7.6497 

+9.4649 

-8.7157 

0.2181 

9.9985 

36o 

8.0387 

9.1215 

0.7295 

+7.9656 

+9.8088 

—8.8436 

0 . 2080 

9 . 9986 

36i 

7  *  9606 

9.0713 
8.9860 

0.7609 

+7-8774  1 

+9.7623 

— 8.8o48 

0. 1903 

9.9987 

363 

7.8743 

0.3197 

-7.7359 

— 0.0099 

+8.7486 

o.iSoi 
o.i53i 

9.9987 

363 

7.8770 

9.0351 

8.8753 

0.l5l3 

—  7.7683 

— 0.0207 

+8.7431 

9.9989 

364 

7.7335 

0.5760 

+7.3880 

+8.8865 

—6.5117 

O.I485 

9.9989 

365 

8 . 0407 

9.3101 

9.0145 

— 8.0007 

— o.o366 

+8.7896 

o.r3i8 

9.9990 

366 

7.6738 

8.85a5 

o.4n85 

— 7.2251 

-9,8816 

+8.3716 

0.12t6 

9.9991 

367 

7.6534 

8.85o7 

o.55i8 

+  7. 1915 

—8.7917 

—8. 3399 

o.io3i 

9.9991 

368 

7.7107 

8.9142 

0.3237 

-7-4781 

-9-9713 

+8.5631 

0.0979 

9.9992 

369, 

7.5793 

8.8368 

o.5[io 

+6.6877 

—9.4803 

—  7.8601 

o.o54o 

9.9993 

370 

7.8a86 

9.0780 

o.o3i9 

-7.7482 

^0.0398 

+8.6696 

o.o533 

9.9993 

371 

7.8o5o 

9.0568 

0.G925 

+7*7145 

+9-7459 

—8.6570 

0.0498 

9.9993 

37a 

7.77381 

9.0353 

0,i3i3 

— 7.6702 

— 0.023l 

+8. 634a 

0.0390 

9.9994 

373 

7.6353 

8.9039 

0.3376 

— 7.38it 

— 9.9621 

+  8.4766 

o.o33i 

9.9994 

374 

7.673a 

8.9733: 

0.6437 

+  7.5221 

+9.5999 

—8.5483 

0 . 00 I 6 

9.9995 

375 

7.6703 

8.9810 

0.6483 

+  7.5266 

+9.6187 

— 8.545 1 

9.9910 

9.9995 

376 

7-5838 

8.933s 

0.6111 

+7.3G53 

+9,4120 

—8.4436 

9.9634 

9.9995 

377 

7-495t 

8.836g 

+0.4366 

-6.8848 

—9.8233 

+8.0474 

9.9599 

9.9996 

378 

7.8689 

9.33o5 
8.9119 

—8.8248 

-7.8J27 

— 0.0371 

+8.6018 

9 . 94oa 

9.9996 

379 

7.4429 

+0.3272 

—7.2047 

-9.9693 

— 9.4i5G 

+8.3926 

9.8329 

9.9998 

380 

7.3383 

8.83O0 

0.5183 

+6.4623 

—  7,6333 

9.7104 

9.9999 

38t 

7.3343 

8.9584 

0.2629 

—  7.1666 

—9.9991 
-8.8561 

+8.ao8i 

9,6780 

9.9999 

38a 

7.2243 

8-85oo 

o.55oi 

+6.75f6 

—7,9017 

9.6764 

9.9999 

333 

7.1991 

8.8607 

0.5617 

+6,7957 

-7.5798 

—7.9350 

9.6406 

9-9999 

384 

7.1889 

8.85i3 

o.55i5 

+6.7358 

—8.8007 

-7.8745 

9.6398 

9.9999 

385 

7.2638 

9.1114 

0.7335 

+7.1967 

+9.S012 

-8.0853 

9.4547 

0.0000 

336 

6.4745 

8.8385 

0.5345 

+  5.8813  , 

— 9.3163 

—7.0437 

8.9383 

0.0000 

387 

+6.3787 

8.8386 

0.4336 

—5.6896 

— 9.83o5 

+  6.85o8 

—8.7421 

0.0000 

38S 

-7.1065 

9.f354 

0.73x5 

—7.0442 

+9.8126 

+7*9188 

+9.2834 

0.0000 

389 

7.2796 

9.3768 

0.8309 

—7.2508 

+9.8937 

+  7.9740 

9.3o5o 

Q.OOCMl 

390 

6.941 1 

8.9339 

0.3137 

+6.7229 

—9.9780 

—  7 . 8000 

9.3204 

0.0000 

391 

7.0103 

8.83*74 

0*5327 

—6.4010 

—9.3423 

+7.5635 

9-4749 

0.0000 

392 

7.3960, 

9.1460 

0.7434 

-7.34ot 

+9.8276 

+  8.1941 

9.5533 

9.9999 

393 

7.1345 

8.8366 

0.465I 

+<>.r797 

— 9,7363' 

—7.3530 

9 , 6000 

9.9999 

394 

7 . 3892 

8.8843 

0.5830 

—6,9822 

+9.0626 

+8.0978 
+7.9885 

9.7070 

9.9999 

395 

7.2632 

8.8583 

0.^594 

—6,8469 

— 8.a43o 

9.7070 

9.9999 

396 

7.5579 

9.1136 

0.7343 

—7.4912 

+9.8032 

+8.3784 

9.7473 

9.9998 

397 

7.3437 

8.8363 

o.466t 

+6.3794 

—9.7323 

—7.5539 

9.8194 

9.9998 

398 

7,6005 

8.9105 

0.3389 

+7.3601 

—9.9682 

-8.4491 

9.9917 

9.9995 

399 

7.7748 

9.0094 

0.6652 

— 7.655o 

+9.6765 

+8.6449 

0.0670 

9.9993 

4oo 

—7  <54o7 

+8,8578 

+0.5594 

— 7.325t 

—8.2406 

+8.3665 

+0.0843 

+9.9993 

k 
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MM 

Rlcht  AflcenikciiL, 

AodhilI 
Vu-jation. 

North  Pelir  Dist., 

Anting   ' 
^'ahiIiotl, 

45i 

2345 

25  Cania  Majoris, 

6 

3f 

7      2    17.61 • 

+  3.441 

ij6      9   3i .I* 

+    5.36 

45a 

3349 

18  Ljmcia, 

5 

2    47. 52* 

5.277 

3o     6    10. 4* 

5.76 

453 

2355 

Puppis, 

A 

5 

3  4S*.85 

a.  007 

129   25      3.7 

5.56j 

5.56' 

454 

2358 

22  Monocerotis, 

4i 

4  13.37 

3.069 

90   i4  56.7 

455 

3363 

5 1   Gcininurum, 

5 

4  45.34* 

3.454 

73  35  28. 9« 

5.58 

456 

3379 

Lyiicifi, 

5 

7    6.75 

4.58i 

4o  16  3o.5 

5.79 

457 

a38o 

Puppis^ 
64  Auriga?, 

E 

5 

7  17.85 

1.986 

i3o  i4  5o.4 

5*8i 

458 

238 1 

5 

7  35.89» 

4/19* 

48  5 I  21. 5* 

5.8a 

459 

2388 

27  Cud  is  Majoris, 

4i 

8     8.47 

2.446 

116     5  49.5 

5.85 

46o 

2389 

Puppis, 

1 

5 

8  16.64 

r.676 

j36  3o  46. 0 

6,30 

46 1 

9393 

Puppis^ 

L^ 

5 

8  44*3o 

1.808 

I 34  55  32. 0 

6.17 

46a 

2398 

54  Gfmirmmin, 

X 

41 

9    28. 22* 

+3.458 

73   II   37.7* 

5.99 

46^ 

a4<n> 

Volant  is, 

r 

5 

10       0.38 

—0.473 

160  i5   17.0 

5.86 

464 

2407 

19  Lyncis, 

5 

10  36. 4i 

+4.926 

34  36  33.8 

6.13 

465 

24 1  a 

55  Gemitiorum, 

cl 

3 

II     9.67* 

3.597 

67  u  47.5* 

6.14 

466 

34i4 

ArgllB, 

TT 

3 

II   5i.o5 

3 . 1 4 1 

136  49  5i.4 

6.17 

467 

a4rG 

65  Aurigw, 

5 

13     0.87 

4.028 

53  57  44.4 

6. 30 

468 

a4[8 

3o  Cani»  Majoris, 

5 

13    39.41 

2.491 

ii4  4i     4.5 

%,iiA 

469 

2437 

Puppis, 

F 

5 

i3  26.54 

2.045 

128  56  19.9 

6.31 

470 

2429 

6G  Auriga!, 

5 

i3  44.69 

4.175 

49     a  39.6 

6.35 

471 

2439 

Ca3nelopardJ» 

5 

i5  12,91 

6.3i8 

21     l4    12.1* 

6.53 

47a 

344a 

60  Geminoruni^ 

t 

4 

16  24. 36* 

+3. 74a 

61  54  32. 3* 

6.65 

473 

3447 

Vo  la  litis, 

(1 

5 

16  53.34 

—0.012 

157  4o  57,3 

6,60 

,474 

2458 

3r   Can  is  Majoris, 

fi 

3 

18     9.72* 

+2.372, 

119      0    5 I. 2* 

6.7a 

!475 

2462 

3  Canis  Minorie, 

/3 

3 

19     0.93 

3.261 

81  24  45,3 

6.1*? 

476 

2464 

62  Ge  minor  um. 

P 

5 

19  27.39* 

3.871 

57  55  21. 1* 

6.61 

477 

2478 

PuppiHj 

5 

33   17.73 

2.317 

121     9     1.0 

7   18 

478 

3482 

ArgJlB, 

a 

4 

24  38.71 

1 .931 

t33     0     2.2 

7. II 

479 

3484 

Puppis, 

5 

a4  53.56 

2.321 

I30  39     4-6 

7-3^ 

H 

4do 

3485 

66  GeminorQiTii 

a» 

i\ 

25     I. 33* 

3.848 

57  4?   i7-«^* 

'1 

46 1 

2486 

68  Geminonim, 

5 

25     2.64* 

3.433 

73  5i    19. o* 

tI 

482 

2493 

69  Geminoruin, 

V 

5 

26  40.43* 

3.714 

63  46  33.1* 

"m 

483 

2497 

Puppis, 

n' 

dk 

37  58.35 

2 .  540 

[|3     9     3.9 

tW 

484 

aSoo 

Puppis, 

g 

5 

38  18.20 

a. 475 

ii5  47  33,7 

7.72 

485 

3532 

to  Canis  Minor ia, 

0 

I 

3i  a6.78« 

3.t45 

84  23  39. 7« 

8.77 

466 

353o 

Puppia, 

k' 

4^ 

33  40.95 

3.460 

116  37  48,3 

7.85 

487 

253i 

Puppis, 

k* 

5 

33  4j.3i 

3.459 

[i6  27  53,8 

I'll 

4S8 

a  540 

75  Geminorum, 

a 

3 

33  55.80 

3.764 

60  45  3o.8 

\J^ 

489 

254a 

26  M  n  not!*?  r Otis, 

7 

4i 

34    4.89 

2.868 

99     13     17.5 

65   i4  49. S* 

^H 

4q<i 

a55£ 

77  Geminorum, 

K 

4 

35  33.i5« 

3.634 

fl 

491 

3555 

78  Gentiinorum, 

^ 

3 

36     7.8o* 

3.682 

61    36  59.0* 

118  35  55. 2« 

al 

492 

a563 

3  Pnppi.i, 

5 

37  47. 27* 

2.409 

§r«^ 

493 

2570 

Puppis, 

w 

Ak 

38  35.4s 

2 .  039 

i3o  34   i3.5 

8.68 

494 

258o 

Puppis, 

c 

5 

39  54.63 

3. §32 

137  36  23.7 

S,4cr 

^L     ii^s 

2590 

Canielcipardi, 

5i 

4o  56.71 

9.819 

JO     7  24.3 

ejs 

^B 

a594 

Puppia, 

0 

5 

4l    5t*23 

s.Sos 

,i5  T'     «i  « 

J 

(497 

260a 

ArfjOa, 

k 

3* 

43  59. 38^ 

+a.5a7 

^fl 

498 

2607 

Volantis, 

C 

5 

43  38.25 

— o.6f 

^H 

499 

2617 

83  Geminoruro, 

^ 

5 

44  18. 6i* 

+3.6) 

^H 

5oo 

2620 

Puppis, 

P 

4^ 

7  44  40,19 

+i.a 

J 

^^ 

^mn 

mH 

^^H 

r 
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H 

• 
1 

No, 

Logitritluiui  0t' 

LoiKATlUiiEUi  of 

J 

a  ' 

b 

' 

d 

^    a' 

b' 

c' 

d' 

45i 
45a 
453 
454 
455 

-^8.2998 
8.5558 
8,3751 
6.2656 
8.3873 

+8.8546 
9.1071 
8.9189 
8.8066 
8.8244 

+0.3870 
0.7235 
o.3o4t 
0-4864 
0.5377 

+7.9440 
-8.4939 
+8.1779 
+5.9040 
-7.7383 

— 9*9'<^7 
+9-7890 

-9,9758 
—9.6417 
— 9. i6i4 

—9,0732 
+9,3693 
—9.2419 
—7.0801 
+8.8963 

+o.73ri 
0.7345 
0.7413 
0.7439 
0.7475 

+9,9838 
9.9835 
9.9829 
9.9837 
9.9824 

456 

fa 

459 

46o 

8.4738 
8.4038 
8.4ia5 
8.3374 
8.4539 

8.9945 
8,9222 
8.0279 
8,85n 
8.9666 

0 . 66 I 0 
0,3983 
0.6330 
0.3883 
0.2363 

-8.3563 
+8.2I3I 
—8.2287 
+7,9808 
+8.3i45 

+9.6533 
—9.9775 
+9.4812 
—9.9087 
— g.9966 

+9'34i»9 
—9.2719 
+9.2816 
—9,1102 
-9,3283 

0.7626 
0.7638 
0.7657 
0,7690 
0.7699 

9. 9811 
9.9810 
9.9808 
9.9805 
9.9804 

m 

1 

46 1 
463 
463 
464 
465 

8.4444 
8.3178 
8.7734 
8.553a 
8.3436 

8.9540 
8.8336 
9.2746 
9.o5o5 
8.8363 

0,2545 
+0.5386 
— 9.6839 
+0.6927 

0,5553 

+8.2933 
—7.7790 

+8.747' 
—8,4695 
-7.9209 

-9.9921 
-9.1443 
—0.0188 
+9.7328 
— 8,6ia8 

—9.3194 
+8.9361 
—9.4519 
+9-3981: 
+9.0634 

0,7737 
0.7772 
0.7804 
0.7840 
0.7873 

9.9803 

9.9797 
9.9794 
9.9791 
9.9787 

1 

466 
467 
468 

469 
470 

8.4097 
8.4119 
8.3584 
8.43i3 
8.4459 

8.8989 
8 . 9000 
8.8434 
8.9103 
8,9330 

0.32G0 
o.6o53 
0.3956 
o.3io8 
o*62o3 

+8.1875 
-8.1917 
+  7,9792 
+8,2296 
—8.2624 

—9.9626 
+9.3551' 
—9.8983 
-9-97<^4 
+9.4685 

— 9 . 3669 
+9.3699 
—9.1136 
— 9.2966 
+9.3166 

0,7913 
0.7923 
0.7951 
o.8oo5 
0.8023 

9.9783 
9.978a 
9.9779 
9.9773 
9*977« 

J 

471 
47a 
473 
474 
475 

8.7732 
8.3932 
8.7619 
8.4o65 
8.3577| 

9.24iJ 
8,8537 
9,2195 
8.8564 
8. 8025 

0.8012 
+0.5734 
—7.6812 
+0.3751 

o.5i33 

-8,7437 
—8.0661 
+8,7281 
+8,0923 
—7.5318 

+9.8604 
+  8.7938 
— o.oi63 
— 9.9325 
—9.4603 

+9,477^ 
+9,1878 
—9.4837 
—9. 2101 
+8.7030 

o,8io5 
0.8171 
0.8197 
o.8a66 
0.83U 

9.9762 

9-9754 
9.9751 
9.9742 
9.9737 

A 

476 
477 
478 

479 
48o 

6. 427 J 
8.4434 
8.5t65 

6.4479 
8.4558 

8,8692 
8.8622 
8. 9296 
8.8588 
8.8659 

0.5864 
0.3646 
0.280S 
0,3677 
0.5861 

—  8.  1523 

+  8.i56t 
+  8.35o3 
+8.1553  ' 
-8,1826 

+  9.1199 
-9.9319 
—9.9794 
—9  9287 
H-9. 1 126 

+9.2564 
—9,2646 
— 9.3905 
— 9.2660 
+9.2861 

0.8334 
0.853J 
0.8589 
0.8609 
0.8616 

9.9734 
9.9707 
9.9698 
9 ♦ 9695 
9.9694 

■ 

1 

48i 

482 
483 
484 
485 

8.4009 
8.442a 
8.4338 

8,4445 
8.4tS4 

8.8108 
8, 8431 
8.8276 
8.8364 
8.7905 

0,5355 
0*5694 
o,4o49 
0.3930 
o.So4o 

—7.8450  ' 
—8.1036 
+8.0284 
+8,o83i 
— 7.4o52 

-9.1976 
+8.5944 
— 9.8S29 
—9.8998 
-9.5339 

+  9.0O36 
+  9,3277 
—9. 1680 
—9.2136 
+  8.5792 

0.8617 
0.8695 
0.8757 
0,8772 
0.S916 

9.9694 
9.9682 
9.9672 
9.9669 
9.9645 

1 

1 

486 
487 
488 
489 
490 

6 « 4669 
8.4669 

8.4835 
8.4306 
8.47*5 

8.8355 

8.8355 
8,8456 

8,79»9 

8  8270 

<» .  3907 

r>     ■  ■ 

+8,ff59 

-9.9021 

'1 

-9.2439 

m 

«.ft97t 

'     --,'72 

26 

9.9635 
9,9635 
9,9635 
9.9623 
9.9613 

J 

1 

491 
493 
493 
494 
495 

8.4894 
8.4973 
8.5635 
8.55o6 
9.30^7 

8.6403 
8.8396 
8.9018 
8.8824 
9.5354 

' 

06 

I 

496 

497 
49B 

5oa 

S.5o3i 
8 . 5027 
8.9803 

V  ■ 

'  yj^^^^^^^^^^^H 

d 

1 

m 

L. 

■ 

SSil 
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Catalooue   op   1600  Stars. 


No. 

B.A.C. 

ConsteUation. 

Mag. 

Right  Ascension, 
Jan.  1,  1850. 

Annual 
Variation. 

North  Polar  DIat., 
Jan.  1,  1850. 

Annual 
Variation. 

5oi 

2622 

9  Puppis, 

5 

*.  m.        a. 

7  44  49.57 

a. 
+2.780 

io3  3o  10.8 

+   0.19 
8. 91 

502 

2629 

Puppis, 

5 

46  40.65 

2.263 

124  29  58. 0 

5o3 

2634 

Puppis, 

a 

5 

47     3.67 

2.o63 

l3o    IX     32.2 

9.12 

5o4 

2635 

Puppis, 
Vetonim, 

b 

5 

47  20.41 

2. 1 32 

128  28  38.4 

9.12 

5o5 

2642 

5 

48  49.76 

1.678 

139  i3  3i.2 

9.35 

5o6 

2644 

Puppis, 

R 

4 

48  53. 3i 

1.737 

x37  4a  45.1 

8.86 

5o7 

2665 

Argils, 

X 

4 

52  57.65 

1. 5x8 

x42  34  54.4 

9.5c 

5o8 

2666 

Puppis, 
Velorum, 

5 

53     8.56 

2.688 

107  59  25.7 

9.5c 

5oo 

2670 

5 

53  56.71 

X.755 

i38  5o  20.2 

9.48 

5io 

2673 

Canis  Minoris, 

5 

54  27.69 

3.X29 

87  i5  25.9 

9.49 

5ii 

2697 

27  Lyncis, 

5 

57     9.06* 

4.556 

38    4    o.2» 

9.82 

5l2 

2707 

55  Camelopardi, 

5 

57  49.11* 

6.096 

2X     5  3i.o» 

9.86 

5i3 

2710 

Argiis, 

C 

2i 

58  18.98 

2.X14 

129  35     0.9 

9.96 

5i4 

2714 

10  Cancri, 

/"' 

5 

58  55.89 

3.545 

67  59     7.9 

9-97 

5i5 

2728 

Arg^s, 

p 

3i 

8     I     9.42* 

2.558 

xi3  52  3o.3» 

10.04 

5x6 

2730 

1 4  Cancri, 

r 

4 

I  24.66 

3.63o 

64    2  28.9 

10.47 

5i7 

2736 

16  Puppis, 
Velorum, 

5 

2  19.91 

2.682 

108  48  30.7 

X0.17 

5i8 

2754 

5 

4  52. 10 

X.849 

x36  54  17. I 

10.39 

5i9 

2755 

Argtis, 

y 

2 

4  54. 5o 

i.84o 

x36  53  47.9 

10.46 

520 

2769 

20  Puppis, 

5 

6  26.41 

2.761 

io5  20  24.2 

10.54 

531 

2773 

Volantis, 

e 

5 

7  25.99 

o.25x 

i58  10  37.9 

10.62 

522 

2774 

Puppis, 

r 

5 

7  5o.o6 

2.268  125  26  53. 5« 

10.71 

523 

2776 

3o  Lyncis, 

5 

8  17. i5* 

4.907 

3x  47  42. 5* 

10. 63 

524 

2778 

17  Cancri, 

^ 

4 

8  22.72 

3.263 

80    2X    22.2 

10.72 

525 

2792 

Lyncis, 

5 

12  25.34* 

4.592 

36  18     8.6* 

10.99 

526 

2793 

3 1  Lyncis, 

5 

12  32.94* 

4.i4i 

46  20     8.2* 

11.06 

527 

2795 

Puppis, 

q 

5 

12  56.69 

2.244 

126  IX  5i.i* 

10. 99 

528 

2802 

Puppis, 

w 

5 

i5  29.23 

2.377 

X22    34    5o.I 

IX  .26 

520 

2819 

I  Ursae  Majoris, 

0 

4 

17  45.46* 

5.066 

28  47  10. 8* 

XX. 4e 

53o 

2823 

Velorum, 

B 

5 

17  55.20 

1.838 

x38     0  4o.5 

IX. 3c 

53i 

2832 

Argiis, 

e 

2 

19  25.89 

I  .24x 

x49     I  4o.3 

IX. 35 

532 

2842 

2  UrsfiB  Majoris, 

A 

5 

21     6 . 20 

+5.476 

24  20  59.0 

II. 6e 

533 

2849 

Cham»leontis, 

a 

4^ 

22  18.70 

—  1 .426 

x66  26  38.7 

II  .59 

534 

2856 

Volantis, 

V 

5 

23  22.60 

—0.480 

162  54  53.2 

II. 8c 

535 

2863 

Volantis, 

IS 

5 

24     5.41 

+0.662 

i55  38  x3.6 

1 2.0c 

536 

2870 

Chamieleontis, 

e 

5 

25    2.81 

—  1.662 

166  59  53.1 

II. 81 

537 

2884 

4  Ursae  Majoris, 

IT 

5 

27     2.92* 

+5.358 

25     9  i5.6« 

11.99 

538 

2901 

4  Hydra?, 

6 

4 

29  42.64* 

3.184 

83  46  36. !• 

12.17 

539 

291 1 

5  Hydr«, 

a 

5 

3o  55.07 

3.147 

86     8     6.9 

12.29 

540 

2926 

Velorum, 

e 

5 

32  22.28 

2.107 

i32  27  57.7 

12.35 

54i 

2935 

Mali, 

h 

5 

34  i4.i3« 

2.363 

124  4^  5o.2* 

12. 6c 

542 

2937 

43  Cancri, 

y 

4i 

34  35.9i« 

3.488 

67  59  44.7* 

12. 5c 

543 

2945 

7  Hydrae, 

V 

5 

35  23.02 

3.143 

86     3  58.x 

12.59 

544 

2947 

Velorum, 

h 

5 

35  39.07 

1.989 

x36     7     3.3 

12.67 

545 

2950 

Argtis, 

0 

4 

35  59.80 

1.7x7 

x42  23  29.8 

12.69 

546 

2953 

47  Cancri, 

s 

U 

36     9.26* 

3.425 

7X   17  53. o* 

12.87 

547 

2962 

Carinas, 

d 

5 

37  18.24 

1.344 

i49  i3  35.1 

12.55 

548 

2964 

Mali, 

a 

4^ 

37  34.13* 

2.4io 

122  38  55.4* 

12.64 

549 

2965 

48  Cancri, 

I 

5 

37  36.76 

3.654 

60  4i  44.0 

12. 8c 

|55o 

2971 

II  Hydras, 

e 

4 

8  38  49.78* 

+3.189 

83    2     3.5* 

+  12.84 
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f 

No. 

Lafvittuiitt  v( 

Lognnthmt^  or                                | 

a 

A 

e 

d 

a'        1        b'         \ 

c' 

d' 

5oi| 

—8.48m 

+8.7890 

+0.4444 

+7.8494 

—9*8004 

—9.0133 

+0,9473 

+9-9^29 

1 

5oa 

8.5591 

8.8582 

0.3531 

+8.3io4 

-9.9357 

—9.4034 

0.9543' 

9.9512 

1 

5o3 

8.5944 

8.8917 

o.3i43 

+8.4042 

—9.9579 

-9.4633 

0.9558 

9.9508 

F 

5o4 

8.5848 

8.8807 

0.3368 

+8.3787 

—9.9518 

-9.4485 

0.9568 

9.9505 

5o5 

8.6691 

8.9580 

0.3384 

+8.5483 

— g.9809 

-9.5394 

0.9633 

9-949'   1 

» 

5a6 

8.6563 

8.9450 

0.2464 

+8.5354 

-9.9776 

-y.5394 

0.9626 

9.9490 

5o7 

8.7153 

8.9852 

o.i85o: 

+8.6t53 

—  9.9838 

—9 .  5750 

0,9772 

9,9450 

5oB 

8.5213 

8 . 7905 

0.4395: 

+8.0111 

—9.8355 

—9.1654 

0.9779 

9.9448 

Son 

8.6840 

8.9495 

0.2371 

+8.56o8 

-9.9765 

-9.5552 

0.9807 

9.9440 

5io 

8,5o47| 

8.7678 

0*4951 

—7.1846 

-9.5927 

+8.3603 

0.9825 

9.9434 

5ii 

8.7234 

8.9745 

0.6589 

-8.6195 

+  9.6233 

+9.5856 

0.9917 

9 , 9406 

Sl3 

8.9595 

9.3077 
8.8764 

0.7846 

—8,9294 

+  9.8170 

+9.6616 

0,9939 

9.9399 

5i3 

8.63o4 

0.3241 

+8.4347 

-9.9487 

—9*4977 

0.9956 

9.9394 

5i4 

8.5522 

8.7955: 

0.5490 

—  8.1261 

^8.8854 

+9.2693 

0.9977 

9.9387 

5i5 

8.5655 

8.7990 

o.4o8s 

+  8.1727 

—9.8729 

-9.3099 

1 . oo5o 

9.9363 

5i6 

8.5737 

8.8061 

o.56oa 

—8.2149 

—8 .  0969 

+9-3448 

i.oo58 

9.9360 

5.7. 

8.5543 

8.7827 

0.4379 

+8.0627 

—9.8378 

— 9 .2l5o 

1.0088 

9.9350 

5i8 

8.7039 

8.93[4 

0.2668 

+8.5674 

—9,9643 

-9.5780 

1.0168 

9.9321 

5i9 

8.7040 

8.9313 

0.2669 

+8.5674 

— y.9643 

-9.5781 

I .0169 

9.9320 

Sso 

8,5591 

8.7699 

0.4406 

+  7.9816 

—9.8088 

--9. 1419 

1 .0217 

9.9303 

521 

8.976a 

9.1828 

9.3705 

+8.9439 

—9.9776 

— 9.6903 

1 .0247 

9.9391 

II 

522 

8.6367 

8.84i6 

0.3547 

+  8,4oot 

— 9.9272 

-9.4871 

1.0259 

9.92^6 

523 

8.8273 

9.o3o3 
8.758J 

0.6900 

-8.7567  1 

+9.6916 

+9.6545 

1 .0373 

9.9281 

534 

8.5555 

o.5i36 

— 7<7795 

-g.4563 

+  8.9494 

1 .0376 

9.9280 

525  1 

8.7889 

8.9746 

0.6623 

-8.6952  j 

+9.6214 

+9.6436 

1 . 0396 

9.9331 

536 

8.7023 

8.8875 

0-6169 

— 8.54i4  ' 

+9.4319 
— 9.9265 

+9.5768 

1.0399 

9.9229 

527 

8.6559 

8.8395 

0.3536 

+8.4273 

—9.  5ioi 

1 .o4ii 

9.9324 

528 

8.6444 

8.8175 

0.3731 

+8.3756 

—9,9100 

-9*4773 

I.0483 

9.9192 

539 

8.8938 

9.0576, 

0.7057 

—8.8365 

+9.7108 

+  9,6952 

1.0547 

9.9163 

53o 

8.7514 

8. 91 46 

0.2663 

+8.6326 

—9.9557 

—  9.6341 

t.o55i 

9.9161 

53t 

8.8695 

9.0365 

0.0944 

+8.8027 

—9.9670 

— 9.690s 

1.0593 

9.9141 

533 

8. 9703 

9 . 1 206 

+0.7390 

— 8.9398 

+  9.7520 

+9.7211 

X.0638 

9.9119 

1 

533 

9.2188 

9.3643 

—0.1 582 

+9.2065 

—9.9506 

—9.7535 

1*0670 

9.9103 

534 

9.1335 
8.9779 

9.2647 

—9.6586 

+9.1039 

-9-9554 

—9.7480 

r .0698 

9,9088 

535 

9.1163 

+9.8343 

+8.9374 

—9.9618 

— 9,729<» 

1 -0717 

9.9078 

536 

9.a437 

9.3733 

— 0.2037 

+9.2324 

—9.9461 

—9,7607 

1.074a 

9.9065 

537 

8.9725 

9.0992 

+0.7285 

—8.9293 

+9.7330 

+9.7338 

1 .0793 

9.9037 

538 

8.610s 

8.7264 

o.5o33 

-7.6453 

—9.5383 

+  8.8188 

1.0860 

9,8999 

539 

8.6116 

8.7230 

0.4973 

-7.4403 

-9-5794 

+8.6i54 

1.0689 

1 .0925 

9.8981 

540 

8.7463 

8.8520 

o.3a38 

+8.5757 

—9.9303 

—9,6196 

9.8960 

54i 

8.7041 

8.8026 

0.3701 

+8.46o3 

—9.9045 

— 9.  5509 

1.0969 

9.8933 

543 

8.6523 

8.7494 

o.543a 

^-8.2260 

— 9 , o4o2 

+9.3692 

1.0978 

9.8926 

543 

8.6324 

8.7164 

0.4972 

-7-4587 

—  9.5792 

+  8.6338 

1.0996 

9.8915 

1 

544 

8.7811 

8.8741 

0.3986 

+8.6389 

— g.9353 

—9,6558 

1 . roo3 

9.8910 

1 

545 

8.8373 

8.9289 

o.236o 

+8,7361 

-9-9447 

—9.6977 

1 . JOII 

9  8905 

1 

546 

8.6467 

8.7377 

0.5343 

— 8.i5a7 

9*2093 

+9.3o53 

I . ioi5 

9 . 8903 

■ 

547 

8.9169 

9.0034 

O.I35t 

+8.8509 

—  9.9477 

—9.7360 

i.to4i 

9.8865 

I 

548 

8.7011 

8.7867 

o.38i8+8.433i 

—9.8934 

-9,5345 

1.1 o47 

9.B881  \ 

1 

549 

8.6860 

8.7714 

0.5624—8.3757 

— 6,3oto 

+9.4933 

I  .io48 

9.8880 

1 

55o 

-8,6335 

+8.7132 

+0.5047I  — 7.7»63 

—9.5283 

+8.8892 

+  1.1076 

[+9.^^61   1 

I 
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No. 

B.A.C. 

Constellation. 

M.g. 

Right  Ascension, 
Jan.  1, 1850. 

Annoal 
Variation. 

North  Polar  Diet., 
Jan.  1,  1830 

Annual 
Variation 

55i 

2978 

1 3  Hydrs, 

P 

5 

A.    in,      ». 

8  4o  29.11 

+3. '186 

0      / 
83  36  39.5 

+  12.9! 

552 

2979 

Argds, 
Velorum, 

6 

3 

4o  33.66 

1.652 

i44     9  38.6 

i3.o( 

553 

2981 

a 

5 

40  56.75 

2.o34 

x35  29  43.6 

I2.9( 

554 

2998 

Carinae, 

f 

5 

42  49.93 

+  1.562 

i46  i3     9.1 

12.8: 

555 

3o23 

V 

5 

46  17.84 

-1. 816 

168  24  53.5 

12. 8i 

556 

3o32 

r6  Hydra,      * 

C 

4 

47  27.90 

+3.184 

83  29  II. 2 

i3.3J 

557 

3o48 

9  Ursae  Majoris, 

I 

3i 

48  54. 53* 

4.125 

4i  22  24.4* 

i3.7( 

)558 
[559 

3o49 

8  Ursie  Majoris, 

P 

5 

48  56. 3o 

5.553 

21  47  29.9 

i3.4< 

3o55 

65  Cancri, 

a 

4 

5o  16.71* 

3.293 

77  33  53.8* 

i3.6< 

56o 

3o59 

Ljrncis, 

4 

5o  53. 07* 

3.931 

47  37  37.7* 

i3.8( 

56i 

3073 

CarinK, 

b' 

4 

53  18.01 

1.458 

i48  39    4.8 

i3.6' 

562 

3075 

12  Ursffi  Majoris, 

K 

4 

53  21. 54* 

4.i4o 

42  i5  i5.6* 

i3.8f 

563 

3087 

1 1  Ursae  Majoris, 

a» 

5 

55     9.18* 

5.399 

22  3i  48.0* 

13.91 

564 

3089 

Carinae, 

b* 

4 

55  43.11 

1.461 

i48  3o  37.5 

i3.4< 

565 

3097 

Lyncis, 

5 

56  58.42* 

3.855 

5o  57     7.0* 

14.0I 

566 

3099 

1 3  Ursae  Majoris, 

0* 

5 

57     7.36* 

5.407 

22  I 5  44.0* 

i4.i: 

567 

3xo6 

1 5  Ursae  Majoris,  / 

5 

58  i5.49 

4.287 

37  47  37.9 

14.1J 

568 

3io8 

1 4  Ursae  Majoris, 

T 

5 

58  29.38 

5.044 

25  52  52.7 

i4.ii 

569 

3iio 

Velorum, 

C 

5 

58  59.47 

2.084 

i36  3o   II. 6 

14. 2< 

570 

3iii 

76  Cancri, 

K 

5 

59    37. 12* 

3.262 

78  43  52.8* 

i4.i: 

571 

3ii4 

Volantis, 

a 

4i 

9       0      4.02 

0.962 

i55  47  54.3 

i4.3: 

572 

3i25 

16  Ursae  Majoris, 

c 

5 

2    26.16* 

4.844 

27  57  5i.o* 

i4.3< 

573 

3126 

Argiis, 

-k 

3 

2    29.05 

2.202 

i32  49  45.7 

i4.4i 

574 

3i36 

Carinae, 

G 

5 

4  43.28 

0.200 

162     0     6,6 

i4.9< 

575 

3i4o 

18  Ursae  Majoris, 

e 

5 

5  21.45* 

4.382 

35  21   46.7* 

i4.4« 

576 

3x46 

22  Hydrae, 

e 

4^ 

6  33.53 

3.i3i 

87     3   19.9 

i4.9< 

577 

3i49 

Carinae, 

a 

5 

7     i-i? 

1.562 

i48  21   19.5 

14.9- 

578 

3i52 

Carinae, 

i 

5 

7    52.21    • 

1.354 

i5i  42     9.9 

i4.6: 

579 

3162 

38  Lyncis, 

4 

9  29.81 

3.763 

52  33  55.6 

i4.8^ 

58o 

3i63 

Velorum, 

I 

5 

9  42.55 

2.371 

127  56  44.4 

14.5- 

58i 

3177 

Arg^s, 

P 

I 

II  32.18 

0.690 

i59     6     0.6 

i4.7< 

582 

3178 

4o  Lyncis, 

a 

4 

II  54.29 

3.682 

54  58  37.2 

14.9! 

583 

3i86 

Argiis, 

I 

2 

i3    4.63 

1 .602 

i48  38  49.6 

14. 9< 

584 

3187 

Velorum, 

K 

5 

i3     6.71 

2.006 

l4o    25    23.2 

i5.o; 

585 

3195 

Mali, 

h 

5 

i4  51.55 

2.663 

ii5   19  45.6* 

14.9' 

586 

3199 

Draconis, 

5 

i5  i5.42* 

9.258 

8     I     6.5* 

i5.x: 

587 

32o4 

I  Leonis, 

K 

5 

i5  54.60 

3.5i4 

63   10  28.2 

i5.ii 

588 

32i3 

Argda, 

K 

3 

17  28.39 

i.85i 

i44  22  20.2 

l5.2( 

589 

3221 

23  Ursae  Majoris, 

h 

4 

19  38.53* 

4.833 

26  17   12.0* 

i5.a 

590 

3223 

3o  Hydrae, 

a 

2 

20  12.94* 

2.951 

98     0  4o.2* 

i5.3 

591 

3226 

Hydrae, 

5 

20  20.77 

2.989 

95  25     7.7 

i5.3i 

592 

3232 

24  Urs«  Majoris, 

d 

5 

21     7.77* 

5.482 

19  3o  54.9* 

i5.4 

593 

3242 

25  Ursae  Majoris, 

e 

3 

22  47.56* 

4.049 

37  38  33.1* 

x6.i 

M 

3246 

4  Leonis, 

X 

4i 

23     9.26* 

3.441 

66  22  24.9* 

i5.5i 

595 

3249 

Carinae, 

n 

5 

23  29.12 

i.3i8 

i54   16  51.9 

i5.5i 

596 

325o 

5  Leonis, 

^ 

5 

23  5i.37* 

3.245 

78     2  19.3* 
129  48  43.9 

i5.6. 

597 

3257 

Argiis, 

t 

4 

24  48. i5 

2.367 

x5.5. 

598 

3261 

10  Leonis  Minorifi 

S 

5 

25     1.27 

3.707 

52  56  20.7 

i5.6< 

599 

3269 

Velorum, 

N 

5 

26  4o.23 

1.825 

i46  22  25.4 

i5.5i 

600 

3289 

Carinae, 

h 

5 

9  28    5.38 

+  1.710 

i48  33  43.2 

+  15.9 
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No. 

Loisntiunii  i>r                        [ 

Lotnti'lttiint  or                             1 

a 

h 

c 

d 

a' 

h' 

c'        i 

d' 

55  i 

-3.6358 

+8.7101 

+o.5o3i 

— 7.G822 

-9.5393 

+8.8556 

+  1,1  n4 

+9.8835 

55a 

8.8657 

8.9397 

0.3189 

+  8.7745 

—9.9414 

-9.718a 

1 .1116 

9.8834 

553; 

8.7884 

8.8610 

o.3o8o 

+  8. 6416 

-9.9287 

-9.6634 

J . 1 124 

9.8837 

554 

8,8932 

8.9585 

+0.1919 

+  8,8129 

—9.940a 

—9.7341 

1.116G 

9,8797 

555 

9.3430 

9.3951 

— 0.3573 

+  9.3341 

—9.9138 

—9.8130 

1.1341 

9.8740 

556 

8.65ii 

8.6987 

+o.5o3o 

—7.7059 

— 9,5400 

+  8,8791 

I. 1366 

9.8720 

557 

8.83ia 

8.8733 

0.6227 

—  8.7065 

+  9.4296 

+  9*7027, 

I. 1297 

9.869S 

55!^ 

9*0817 

9.1337 

0.7440 

—9.0495 

+9.7213 

+  9.7593 

1.1297 

9.8695 

559 

8.6645 

8.7014 

0.5169 

^7.9976 

—9.4236 

+9.1634 

1.1335 

9.8671 

56o 

8.7869 

8.8215 

0,5984 

-8.6iS5 

+9.2418 

+9.6601 

1.1337 

9.8661 

56 1 

8,9441 

8. 9695 

8,S58o 

0.1685 

+  9.8756 

-9.9279 

—9,7679 

1.1386 

9.8618 

563 

8.83a8 

0,6171 

*— 8.7021 

+9-3918 

+9.7059 

1.1 388 

9.8617 

563 

9,0806 

9.0990 

0,7322 

— 9,0463 

+9.6994 

+9.8o56 

I.i4a3 

9.8585 

564 

8.9472 

8.9634 

0,1757 

+8.8780 

—9,9247 

—9.7720 

1,1434 

9,8575 

565 

8.7774 

8.7888 

0.5853 

-8.S767 

+9.o58i 

+9.6430 

1,1459 

9.855i 

566 

9.0B94 

9 . 1 oo3 
8.8893 

0.7331 

— 9.r>5S8 

+9.6974 

+9.8103 

1 .1463 

9.8549 
9.8528 

567 

8.8827 

0.6334 

—  8.7805 

+9,4729 

+9.7439 

1.1484! 

56S 

9.o3ro5 

9<o362 

0.7017 

-8.9846 

+9,6542 

+9.S007 

1.1468 

9.8533 

569 

S.8337 

e.8375 

o.3t6o 

+  8.6943 

—9,9106 

—9,7082 

1,149^ 

9.85i4 

570 

8.68n 

8,6826 

o.5t3i 

--7.9721 

—9-4582 

+9' 1398 

i.i5io 

9.8503 

571 

9.0608 

0 . o6o5 
8*9976 

9.9857 

+9.0208 
—8.9530 

— 9-9i5a 

—9.8097 

i.t5ie 

9.8494 

57a 

9 . 0069 

o.684a 

+9,6174 

+9.8001 

1.1563 

9.8448 

573 

8,8127 

8,8o33 

0.3433 

+8.645I 

—9,8997 

—9.6863 

1,1 564 

9-8447 

574 

9. 1923 

9-1743 

9.3448 

+9' 1704 

-9.8991 

—9.8365 

r.i6o5 

9.8404 

575 

8.9208 

8.9005 

0 . 64o6 

—  8.8323 

+9-4939 

+9.7708 

1.161G, 

9.6391 

576 

8.6860 

8.6613 

0,4939 

-7.3967 

— 9.6000 

+  8.5723 

1,1 638 

9.8367 

577 

8.9664 

8.9398 

0.1998 

+8,8965 
+8.9567 

—9 .  9090 

— 9-79aS 

i,i64C 

9.8358 

578 

9.0120 
8.7908 

8.9821 

0.1386 

—9.9067 

—9,8086 

t.i66i 

9,834i 

^79 

8.7548 

0.5756 

-8,5746 

+8.8361 

+  9.65o6 

I . r  690 

9.8307 

58a 

8.794a 

8.7573 

0.3739 

+8.5830 

-9.8798 

—9.6559 

1 ,1695 

9.83o3 

58i 

9.1419 

9,0981 

9.8588 

+9,1123 

—9.8928 

—9.8407 

1. 1725 

9.8365 

58s 

8.7816 

8.7364 

0.5680 

— 8.54o4 

+8.4594 

+9.6298 

1.1731 

9.8357 

583 

8.9806 

8.9309, 

0.2068 

+8.9130 

—9.9000 

—9.8044 

1 .1751 

9.8232 

584 

8.8927 

8.8439 

0.3998 

+8.7796 

-9*8974 

—9.7599 

1 .1752 

9.8233 

585 

8.7437 

6.687a 

o,4a38 

+  8,3750 

-9.8390 

—9.5071 

1.1781 

9.8194 

586 

9.5559 

9-4979 

0.9695 
0.5459 
0.3685 

—9.5517 

+9,7720 

+9.8733 

1.1 78t 

9,8186 

587 

8.7510 

8.6905 

— 8.4o54 

-8,9595 

+9.53ai 

1.1799 

9.8171 

588 

8.9388 

8.8723 

+8.8488 

—9,8033 
+9.5357 

—9.7903 

1.1834 

9.8137 

589 

9.0613 

8.9865 

0,6825 

— 9.0139 

+9.8363 

1.1859 

9.6089 

590 

8,7138 

8.6358 

0,4698 

+7*8569  ' 

-9.7153 

— 9,0287 

i.i86b 

9.8076 

591 

8.7107 

8,633i 

0.4756  H-7-68SS 

— 9.6925 

—8.8599 

1.187c 

9.8073 

59a 

9.1861 

9.io56 

0.7389  —9,1604 

+9.6602 

+9.8604 

1.1882, 

9.8055 

593 

8.9267 

8.8397 

0.6200—8,8253 

+9.3740 

+9.7873 

1.1909 

9.8017 

594 

8.7511 

8.6638 

0,5366 -8.3540 

-9,1590 

+9.4931 

1. 1914 

9.800^ 

595 

9,076a 

8,9865 

0,1202+9,0309 

-9.8790 

-9,8444 

1.1919 

9.8001 

5q6 

8.7^37 

8.63a6 

o.5i  18  --8.0403 

-9.4684 

+9,2068 

1.1935 

9.799a 

597 

8.8302 

8,7355 

0.37S3 +8.6366 

—9.8660 

—9.6981 

1,1940 

9.7970 

598 

8.8i4o 

8.7184 

0.5685— 8.5940    +8.4900 

+9.6731 

1.1943 

9.7965 

%9 

8.9751 

8.8731 

0.2610+8,8956  1— 9.8789 

— 9.8i5o 

1,1968 

9.7926 

600 

—9 .  0063 

+8.8908 

+0.24051+8-9372  1-9.8724 

,—9,8307 

+  I.30i8 

+9.7843 

J 
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Ho.  ' 

It.  AC. 

M»K, 

Aniiiii.l 

Jforth  PdJw  Dwt, 
Jan.  I,  1650. 

Animal 

601 

33oq 

YelDrtinii 

M 

4 

9   3t  37.89 
3a  11.75 

+a-'57 

0       f         «■ 

138  4i     4*3  ' 

+  16.08 

eoa 

33o3 

35  HydrK, 

« 

5 

3.073 

90  37  53,9  1 

16. 14 

$o3 

33n 

38  Hydrie, 

« 

5 

33     7.a6 

3.881 

to3  39  i3«o 

16.07 

6o4 

33ta 

1 4  Leonis, 

0 

4 

33     8.53* 

3.338 

;  79  35  40,7" 

16*  i3 

6o5 

33t5 

a  a  Ursffi  Majoris, 

5 

34  i9-o8» 

4-7^5 

35  39  37.8* 

i6*i5 

606 

33ao 

Cariii»t 

m 

5 

35  11.56 

i.65i 

i5o  39     3.7 

16.35 

607 

333 1 

17  LeatiLs, 

e 

3 

37  19.69* 

3.435 

65  33  16. 2» 

16.33 

608 

3346 

39  Uraae  Majom, 

V 

4 

4o  16.98* 
4i     7»5t 

4*353 

3o  i5  33.0* 

16.63 

609 

3353 

Carinic, 

I 

5 

1.637 

i5i  49    4.4 

16.57 

6to 

3358 

3o  Ura®  Majorii, 

^ 

5 

4i  5i.86* 

4.i5o 

35   i4  17*6* 

16.57 

61 1 

3365 

ArisHit 

V 

3 

43  at. 18 

t.503 

i54  32  33.1 

16. 58 

8ia 

3371 

24  Leonid, 

f^ 

3 

44  i3,4i* 

3.4a8 

63  17  21.3* 

1 6 .  70 

6i3 

3373 

39  Hydrw^ 

V* 

5 

Ai  r5.8d 

2.885 

to4    8  4i*i 

16.66 

6f4 

3410 

Arg^s, 

f 

4 

5i  36. a3 

3.093 

[43  5i   19.0 

81  i4  isa* 

16.95' 

6t5 

34t5 

^9  LeoDis, 

fl- 

41  ' 

5a  17. oi* 

3.183 

17.05 

616 

3446 

3 1  Leonta  MinoTia 

f 

5 

58  34.14* 

3,571 

54     1  35.1* 

17. 3i 

617 

3453' 

3a  Leonis, 

n 

3i 

59     8.85* 

3.285 

73  3o  39,5* 

17.32 

61S 

3457 

3t   Leonia, 

A 

5 

59  56.37* 

3.194 

79  i^    9.5* 

i7-4a 

619 

3458 

i5  Bentantis, 

5 

ta     0  15.59 

3.077 

89  38  s6.o 

17.39 

630 

3459 

33  Leonid, 

ti 

I 

0  23.74* 

3.306 

77   18     6.8* 

17.39 

6ai 

3473 

4 1   Hydw, 

I 

4i 

3  16.75 

a.  937 

loi   36  5(.8 

17.60 

62a 

3495 

Uraw  Minoris, 

5i 

6  58.81* 

10.207 

4   59  39.4* 

17.73 

533 

3496 

33  Urea*  Majoris, 

5 

7     4.60 

4.468, 

34     8  A^.'^* 

17.71 

€s4 

3So5 

33  Ur&iE  Majoris, 

A 

3t 

8     1.66* 

3.659 

46  20  30,0* 

17.77 

6ii5 

35o9 

36  LeoDis, 

c 

4i 

8  ao.43 

3.355 

65  5o   i3,6 

17-70 

636 

3509 

Velortim, 

^ 

i 

8  37.11 

3.5i3 

i3i   S3  53*7 

17.91 

627 

35 16 

Argtf^ 

t^ 

4 

10  10.11 

t.436 

1 59  17  38. 0 

17.77 

638 

3533 

4t   Leonls, 

r 

a 

II  41.78* 

3.333 

69  24     7*0* 

iS.oi 

639 

3Sa6 

Canns, 

? 

5 

13    4.g4 

1.9S6 

i5o  35     2.3 

17.87 

63q 

353fl 

Drticonis, 

5t 

13  i5.65 

8.i33 

6  4o  57.7* 

17.95 

63i 

353i 

Vtsm  Mojoris, 

5 

1 3  i5.3a 

4.445 

23  4o  38.4 

17.98; 
17.89 

63a 

3533 

34  Uraw  Majoria, 

^ 

3 

i3  33.36* 

3.6i5 

47  44  53.3* 

633 

3536 

Yelonim, 

V   i 

5    i 

I 3  59.05 

2.339 

i44  16  39.4 

18.09 

034 

3546 

Vr^lornm, 

T 

5 

l5    30.35 

3.196 

i45  17  27.3 

1S.34 

635 

3553 

Velorum, 

r 

5 

1 5  54*07 

3.558 

i3o  53  5o,i 

18.08 

636 

356o 

3o  Leonia  MinofiB 

? 

4^ 

17  18.33 

3.470 

55  36  3i.r 

18.18 

637 

3568 

4a  Ilydr^e, 

t^ 

4 

18  5o.4o 

2,900 
3.5oa 

to6     4   19.4 

18.35 

633 

3573 

3 1   Leonia  Minoda 

liS 

41 

19  ii»64* 

52  3i    33*1 

iS.a6 

639 

357S 

AnlYim, 

a 

4i 

ao  I 7 , 69 

3.736 

120  18  s3.4* 

18. 34 

Uo 

35Sci 

36  Ursae  Majoris, 

5 

ao  59*83* 

3. 911 

33   i5     9.1* 

18,19 

64 1 

3585 

Carinee 

T 

4^ 

21  34*76 

I. 313 

i63   16     7.0 

1S.34 

64a 

3586 

Carinee, 

5 

31  4i<59 
31  5o.35 

i.ess 

i54  53  38.1 

18.34 

l643 
^44 

35S9! 

Y'dorum, 

P 

5 

3.327 

lA^  53  34*0 

17.93 

35q4, 

Carinas^ 

M 

5 

33    33.58 

3. 161 

147  58  25.3 

t8.33 

345 

3607 

Ur^  Majoris, 

!  5 

a4  27.94 

3,544 

48  A^  i5.3 

18.34 

646 

3609 

47  Lconb, 

P 

1  ^ 

24  54,58* 

3. 171 

79  55  34 -o* 

18.39 

647 

36io 

34  LeoDiaMinona, 

5 

34  55.63 

3.459 

54  i4  35.5 

18.37 

648 

36i3 

37  Ursa>  Majorjaj 

5 

35  27.65* 

3.939 

33     8  49.3* 

1&.39 

649 

3619 

Carinie. 

P 

4 

36  43>i3 

2.111 

i5o  54  5a. 4 

18. 36 

65i> 

364o 

37  Ijecmia  Minor  is 

^^ 

10  3o   i6*fi7 

+3.4o3 

57  i4  46.3 

+  18.54 
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1 

No. 

LoKirifJUna  of 

LoK&rlthmfl  or                              ] 

a 

b 

c 

d 

a' 

b' 

c' 

d' 

6ot 

6oa 

eo3 

6o4 
6o5 

—8.9058 
8,7266: 
8.74o3 
8.7353 
9.0930 

+8.7850 
8.6039 
8.6i3o 
8.6079 
8.9610 

+0,3329 

o,4863 
0,4589 
0.5078 
0*6743 

+8.7815 
+6.6356 
+8.1133 
—7.9989 
—9,0479 

—9.8693 

—9,6424 
—9.7504 
—9 .  5009 
+  9,5406 

—9.7773 
-7.6117 
—9.37701 
+9.1675 
+  9.8605 

+  1.2038 
1.2049 
I . 2062 
I .2062 
I .2079 

+9.7808 
9.7790 
9.7766 
9.7766  1 
9.7736 

6o6 
607 
6od 
609 

6to 

9.0404 
8.7745 
9.0353 
9.0646 
8.9786 

8.9049 
8.63o5 
8.8794 
8.9053 
8.8i63 

0,3217 
0.5347 
o.64i8 
0.2173 
0.6174 

+8.9808 
—8.3916 
-8.9717 
+9.009S 
—8.8907  1 

—9.8618 
—9,1864 
+9.4408 
—9.8494 
+9.3376 

-9.847a 
+  9.5269 
+  9,85oi 
—  9.8601 
+  9.8379 

I .2091 
1 .2120 

1.2 160 
I.2I7I 
1.2180 

9-7713 
9.7657 
9.7578 
9.7555 
9.7535 

611 
61a 
6i3 
6i4 

6i5 

0.1057 
8.791S 
8.7562 
8.9811 
8.7578 

8.9374 
8.6199 
8.5841 
8.7786 
8.5534 

0,1776 
0,5374 
0,4598 
0.3318 
o.5o34 

+9.0608 
-8.4445 
+8.i44a 
+8.8883 
—7.9406 

-9.84t4 
—9.1358 
—9.7460 
-9.8358 
—9.5430 

-9.8728 
+9.5716 
— 9.3070 
—9.8351 
+  9.1115 

1.33 00 
1.3311 
I. 2311 
I.33o3 
I.33IO 

9.7494 
9-7469 
9.7468 
9.7254 
9.7334 

616 
617 

618 
619 

8.85i8 
8.7S11 
8.7690 
8.7617I 
8.7736 

8*6194 
8.546a 
8.5307 

8.5330| 

8.5334 

o.55i6 
0.5162 
o.5o48 
0.4878 
o.5o8o 

—8.6307 
—8.3590 
—8.0390 
—6.5592 
—8.1147 

-8.7348 
-9.4193 
—9.5228 
-9.6344 
—9.4967 

+9.7049 
+9.4x46 
+9.3075 
+7,7353 
+9.2800 

I. 2382 

1,2388 
1.2397 
1.3400 
I . 2402 

9 . 7o36 
9. 70 J  7 
9  *  699a 
9.6981 
9.6977 

1 

Gat 
623 
633  1 
6a4 
635 

8.7740 
9.8393 
9.1571 
8.9105 
8. 8100 

8.5309 
9.559I 
8.8870 
8.6360 
8.5341 

0.4678 
I. 0137 
o.65t4 
0.5646 
0.5353 

+8.0779 
-9.8375 

-9**174 
—8.7496 
—8.4321 

—9.7186 
+9.6375 
+9,4o5o 
+8.0043 
—9.3103 

—9.3450 
+9.9433 
+9.9052 
+9.7851 
+9.5584 

t.2433 
1.3471 
1.247a 
i.248a 
J. 3465 

9.6880 
9.6754 
9.6749 
9.6715  ' 
9.6704 

I 

1 

626 
627 
628 
629 
63o 

8.8951 
9.2335 
8.803a 
9.0827 
9.7081 

8.6187 
8.939a 
8.5io8 
8.7894 
9.4140 

0.401 3 
o.i582 
o.5i84 
0 . 2999 
0.9158 

+8.7153 
+9.1945 
—8.3485 
+9.0227 
—9.7051 

—9.8026 
—9-7669 
-9.3011 
-9.7841 
+9,6014 

—9.7666 
--9,9191 
+9.4959 
— 9.8900 
+9.9472 

1.2486 
i.25o3 
i.35t6 

] .2522 
1.2524 

9.6700 
9.6638 
9.658a 
9.6567 
9.6561 

!■ 

$3i 

633 
634 
635 

0.1713 

d.9o58 
9.0094 
9.0315 
8.8990 

8.8725 
8,6o65 
8.707a 
8,7139 
8.5877 

0.6474 
0.5582 
o.35o4 
0.3462 
0.40S7 

—9.1330 
-8.7334 
+8.9189 
+8.9354 
+8.7i5i 

+9.3748 
—8 .  3900 

-'9-7M 
—9.7850 
-9.7891 

+9.9129 
+9.7788 
—9.8613 
—9.8680 
—9.7696 

1.2533 
1.2534 
1.2540 
1.2553 
1.2558 

9.65d4 
9.6519 
9 . 6496 
9.6444 
9 . 6433 

636 

637 
638 
639 
64o 

8.863t 
8.7975 
8.8809 
8.8453 
9.0430 

8.54S0 

8.4719 
8,5535 
8.5ia5 
8.7068 

o,54o3 
0.4633 
0.5449 
0.4379 
0,5938 

—8,6169 
+8,2397 
— 8.665o 
+8,5482 
—8.9654 

—9.0477 
— 0.738C 
— o.gSto 
—9.7689 
+9.o5oo 

+9.7086 
—9.3985 
+9.7408 
— 9.6605 
+9.8805 

1.3571 
1.2585 
t.2588 
1.259B 
1 . 2604 

9,6367 
9.63oe 
9.6293 
9.6248 
9.6219 

1 
1 

G4i 
64a 
643 
^44 
645 

9.3332 
9.1547 
9.0452 
9.0587 
8.9085 

a. 9849 
8*8i5o 

8.7047 
8.7155' 

8.5547 

0.0849 
0.3752 
0.3463 
0.3399 
0.5495 

+  9.30^4 
+9*  1116 
+  8.9682 
+8.9870 
-8.7272 

-9.7196 

-9.7488 
—9.7672 
-9.7637 
-8,7767 

-9.9397 
— 9.9156 
—9.8819 
-9.8877 
+9-7798 

1.2607 
1.2610 
1. 261 1 
1.3616 
1.3633 

9,6203 
9.6190 
9.6184 
9.6162 
9,6073 

646 
647 
646 

649 
65o 

8.7922 
8.8761 
9.0599 
9. 1001 
—8.8649 

8.4361 
8 .  5200 
8,7010 
8.7348 
+8.4807 

o.5oo6 
0.5389 
0.5937 
0.3261 
+0.53I3 

— 8.o35t 

—8.6428 
—8.9876 
+9.0416 
—8.5982 

-9.5524 

— 9 , 067 1 
+9.0354 
-9-7459 
— 9,3000; 

+9.2044 

+9.7283 
+9-8897 
—9,9044 
+9.6991 

1.2637 
1.2637 
t .3642 
1 .265a 
+  I.2681 

9.6054 

9.6054 

9 . 6o3o 

9.5976 

+9.5816 

1 

k 

426 
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No. 

B.A.C. 

ConsteUatioiL 

Mag. 

Ri£ht  AMeiurton, 
Jan.  1,  1850. 

Annual 
Variation. 

North  Polar  Diat., 
Jan.  1,  1850. 

Annual 
Variation. 

65i 

3644 

Velorum, 

p 

5 

k.    m.        a. 

10  3o  59.76 

+2.436 

0       *        »      - 
137  26  48.3 

+  18. 38 

652 

3646 

Hydne, 

V 

5 

3l    16.67 

2.920 

106     5  56.5 

18.53 

653 

3647 

38  Ursae  Majoris, 

5 

3i   39.19 

4.214 

23  3o     O.I* 

18.66 

654 

3652 

Ursie  Majoris, 

5 

32   15.29* 

4.435 

20    8  28.7* 

18. 65 

655 

3655 

Cannae, 

t* 

5 

33     2.82 

2.244 

i48  24  12.3 

18.67 

656 

366o 

Chamaeleontis, 

Y 

5 

33  39.04 

0.732 

167  49  48.3 

18. 56 

657 

3685 

42  Leonis  Minoris 

, 

4i 

37  3o.86 

3.36i 

58  3i  42.0 

18.79 

658 

3686 

Aigds, 

e 

3 

37  37.19 

2. 118 

i53  36  33.5 

18.76 

659 

3695 

ArgAs, 

V 

2 

39  15.44 

2.3o5 

i48  53  49.5 

18.73 

66o 

3702 

Argta, 

f^ 

3 

4o  19.80 

2.56o 

i38  37  41.2 

18.92 

66i 

3715 

Hydne, 

V 

4 

42  13.55 

2.954 

io5  24  37.1 

18.74 

662 

3724 

Chameleontis, 

<p 

5 

44  19.32 

o.63i 

169  44  57.9 

18.97 

663 

3728 

46  Leonis  Minoria 

} 

4i 

44  54.49 

3.379 

54  58  39.8* 

19.26 

664 

3729 

45  Ursae  Majoris, 

u 

5 

45  19. 44* 

3.491 

46    0  46.4* 

19.03 

665 

3740 

Carinae, 

u 

5 

47  24.97 

2.396 

i48     3  26.9 

19.09 

666 

3742 

54  Leonis, 

4i 

47  29.24 

3.275 

64  27    4.4 

19.07 

667 

3766 

7  Crateris, 

a 

4 

52  28.25 

2.919 

107  3o     1.8 

19.05 

668 

3767 

48  Ursae  Majoris,  (3 

2 

52  45.41* 

3.685 

32  48  53.6* 

19.17 

669 

3768 

58  Leonis, 

d 

5 

52  48.71* 

3.104 

85  34  42.3* 

19.25 

670 

3776 

60  Leonis, 

b 

5 

54  19.05 

3.219 

69    0  56.9 

19.20 

671 

3777 

5o  Ursae  Majoris, 

a 

li 

54  25.72* 

3.784 

27  26  26.0* 

19.33 

672 

3788 

63  Leonis, 

X 

4i 

57  16. 6i* 

3.I03 

81  5i   i5.6* 

19.39 

673 

3793 

Hydrae, 

X' 

5 

58     6.98 

2.884 

116  29     5.1 

19.36 

674 

3794 

Hydrae, 

7^ 

5 

58  41.71 

2.900 

116  28  40.7 

19.37 

675 

38i2 

52  Ursae  Majoris,   rff 

3i 

II     I   12.67* 

3.411 

44  4i  19.6* 

19.49 

676 

38i5 

Hydr«, 

5 

I  29.16 

2.897 

117  16    5.4 

19.43 

677 

3822 

Hydrae, 

5 

2  4o.85 

2.856 

121   33  16.3 

19.55 

678 

3826 

II  Crateris, 

P 

4 

4  17.37 

2.947 

112     0  26.4 

19.57 

679 

3834 

68  Leonis, 

6 

2i 

6     7.46* 

3.209 

68  39  19.3* 
73  45     0.7 

19.64 

680 

3838 

70  Leonis, 

d 

3 

6  21.99 

3. 161 

19.54 

681 

3842 

72  Leonis, 

5 

7  i3.i6 

3.207 

66     5  i5.4 

19.54 

682 

3848 

74  Leonis, 

^ 

5 

9     2.12* 

3.o53 

92  49  57.3* 
57  37  36.4 

19.61 

683 

385i 

53  Ursae  Majoris, 

^ 

4 

10  10.46 

3.223 

20. i5 

684 

3852 

54  Ursae  Majoris, 

V 

4 

10  22. o5 

3.268 

56     5  16.2 

19.55 

685 

3856 

55  Ursae  Majoris, 

5 

10  56. 5i* 

3.3o2 

5o    59    32.2* 

19.68 

686 

3859 

12  Crateris, 

& 

3i 

II  5o.65* 

2.997 

io3  58     3.4* 

19.44 

687 

3862 

77  Leonis, 

a 

4 

i3  23.98* 

3.099 

83     8  58.1* 

19.66 

688 

3866 

Centauri, 

n 

4 

i4  10.55 

2.758 

143  4o  i4.5 

19.98 

689 

3877 

78  Leonis, 

I 

4 

16    6.12* 

3.137 

78  38  4i.5* 

19.75 

690 

388i 

1 4  Crateris, 

e 

5 

17    2.28 

3.028 

100     2   i5.4 

19.69 

691 

3883 

1 5  Crateris, 

r 

4 

17  23.56 

2.990 

106  5i  36.1 

19.67 

692 

3885 

Ursae  Majoris, 

5 

17  27.47* 

3.439 

33  19  4i.o* 

19.67 

693 

3900 

84  Leonis, 

T 

4 

20  i3.3i* 

3.091 

86  19     5.9* 

19.78 

694 

3914 

I   Draconis, 

A 

3i 

22  26.42* 

3.671 

19  5o  3o.4* 

19.87 

695 

3916 

87  Leonis, 

e 

4i 

22  39.03* 

3.066 

92  10  35.9* 

19.84 

696 

3922 

Hydrae, 

5 

24  50.91 

2.964 

118  26  22.1* 

19.67 

697 

3928 

Hydr«, 

4 

25  38.25 

2.941 

121     I  39.2 

19.86 

698 

3941 

Centauri, 

X 

4 

28  53.66 

2.724 

i52  II  24.0 

19.87 

699 

3943 

21  Crateris, 

e 

4 

29    4.66 

3.043 

98  58  21.5 
89  59  46.6* 

19.86 

700 

i241 

91  Leonis, 

V 

4* 

II  29  16.07* 

+3.074 

+  19.87 

No.  — 
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No. 

LofArttliuiii  of 

[                                L<ifartiliiiM  of                               1 

dt 

b 

1        e 

d 

a'        1         *' 

«' 

if 

65i 

—8.060a 
8.8079 

+8.572t 

+o.4oi3 

+8.8274 

—9.7577 

-9.8337 

+  1.2686 

+9.5783 

GSa 

8.4182 

0.4661 

+8.25o8 

—9.7173 

—9.4096 

1.368S 

9.5770 

053 

9.1901 

8.7984 
8.8593 
8.6733 

0.6260 

—9.1525 

+9.2350 

+9.9293 

I .2691 

9.5753 

654 

9.2543 

0.6466 

— 9*2269 

+  9.3o38 

+9.9400 

I . 3696 

9.5734 

655 

9*0726 

0.3552 

+9.0039 

-9-7347 

—9.8983 

1.2703 

9.56tt6 

656 

9.4684 
8.8643 

9.0658 

9.8975 

+9.4586 

-9.6544 

—9.9586 

I ,2706 

9.5658 

657 

8.4398 

0.5262 

—8.5820 

— 9.2700 

+9,6890 

1.2735 

9.5468 

658 

9.1474 

8.7223 

0.32691+9.0996 

—9.7059 

—9.9235 

1.2735 

9.5463 

659 

9.0332 
8.9770 

8.6487 

0.3628 

+9.0I58 

— 9.7i5« 

—9.9051 

1.3747 

9.5379 

66o 

8.5361 

0.4071 

+8.8523 

-9.7343 

—9.8485 

1.2754 

9.53a3 

66i 

8, 8 1 43 

8.3621 

0.4695 

+8.2388 

—9 .  7049 

—9.3989 

1.2767 

9.5233 

66a 

9.5495 

9.0845 

9.8283 

+Q.5425 
—8.6457 

^9,5980 

—9.9689 

1.3781 

9 . 5 1 09 

663 

8.8869 

8.4i83 

0.5279 

— 9.3332 

+9.7351 

1.2785 

9.5076 

664 

8.9434 

8.4722 

0 . 5420 

—8.7851 

-8.9538 

+9.8182 

1.2788 

9.5o53 

665 

9.07S3 

8.5938 

0.3807 

+9.0069 

—9.6936 

— 9.9065 

1,2801 

9.4934  ! 

666 

8.8465 

8.36i6 

o.5i45 

-8.48i3 

— 9.4to4 

+9.6127 

1.2801 

9.4930 

667 

8.8354 

8.3075 

0.4696 

+  8.3035 

—9-7000 

—9*4590 
+9.90S5 

i.283t 

9.463o  1 

668 

9.0710 

8.5512 

0.5647 

—8.9955 

+7.8976 

1.2833 

9.4613 

669 

d.8o63 

8.2861 

0.4914 

-7.6g33 

—9.6132 

+8.8681 

1.2833 

9.4609 

670 

8.8356 

8,3o5o 

0.5073 

—8.3896 

—9.4829 

+9.5359 

1.2841 

9.45i3 

'671 

9.i4a4 
8.8118 

8.6110 

0.5795 

—9.0905 

+8.7033 

+9.9301 

1.2843 

9,4506 

67a 

8.2601 

0.4945 

—7.963a 
+8.5o53 

—9.5925 

+9.1349 

i.3858i 

9.4318 

673 

d.856o 

8.2982 

0t46i3 

—9.7054 

—9.6333 

1.286a 

9.4261 

674 

8.8563 

8.2942 

0.4616 

+8.5o55 

—9.7043 

—9.6335 

1.2865 

9.4221 

675 

8.9624 

8.38tt 

0.5332 

—8.8143 

—9.096s 

+9.8374 

1.2878 

9.4043 

676 

8.8608 

8.2774 

0.4619 

+8.5318 

— 9 .700a 

—9.6467 

1.2879 
1.2885 

9 . 4024 

677 

8.8797 

8.2870 

0.4575 

+8.5984 

—9.6984 

— ^9 .7050 

9.3936 

678 

8.8438 

8.2383, 

0.46S4 

+8.4175 

—9.6924 

—9.5608 

1.3893 

9.38i5 

679 

8.8427 

8.2320 

o.5o4i 

—8.4037 

—9.5043 

+9.5490 

I .2901 

9.3672 

680 

8.8296 

8.2069 

0.4998 

-8.2765 

—9.546a 

+9*4349 

I . 2902 

9.3653 

68i 

d.85t3 

8.2213 

o.5o6o 

-8.4591 

-9.4832 

+9.5963 

I . 3906 

9.3585 

es2 

8. 81 36 

8.1679 

0.485a 

+7.5075 

—9.6477 

-8.6830 

1*3914 

9.3435 

663 

8.8869 

8.23II 

o.5i23 

-8.6i56 

—9.3997 

+9*7'S4 

I. 291 9 

9.3338 

684 

8.8946 

8.2371 

o.5i37 

—8.6413 

—9 .  38o6 

+9.7363 

I , 2920 

9.3323 

685 

8.9234 

8.2606 

o.5i86 

—8.7224 

—9.3086 

+9.7889 

1 ,3923 

9.3272 

686 

8.8273 

8.1562 

0.4773 

+8.2100 

—9.6734 

—9.3730 

I . 2926 

9.3193 

687 

8.8180 

8.t322 

0.4918 

-7.8946 

— 9.6094 

+9.0676 

I .3932 

9 . 3o5fl 

688 

9.0425 

8.3493 

0.4329 

+8.9487 

—9.6202 

—9  •^974 
+9.2662 

1.2935 

9 . 2980 

689 

8.8345 

8.112t 

0.4944 

—8.1187 

-9.5888 

I .2943 

9.3796 

690 

8.8229 

8.I0I0 

0.4809 

+8.0642 

—9.6626 

— 9.2336 

1.2945 

9.2704 

691 

8.8354 

8.1098 

0.4765 

+8.3979 

-9.6711 

—9.4549 

1.2947 

9.2668 

692 

9.0765 

8.35o] 

0.5373 

—8.9985 

—8.9253 

+9.9*45 

1.2947 

9.2661 

693 

8.618s 

8.0621 

0,4893 
0.5653 

—7.6359 

-9.6253 

+  8.8011 

1.2957 

9-2372 

694 

9.2873 

8.5o57 

— 9.2607 

+  7.7924 

+9.9676 
-8.5737 

1.2964 

9.2126 

695 

3.8184 

8.0344; 

0.4861 

+7.3979 

-9.6434 

1.9964 

9.2102 

696 

8.8746 

8.0638 

o.47<3 

+8.5525 

-9.6574 

—9.6727 

1.2971 

9.1841 

697 

8.8861 

8.0652 

0.4699 

+8.5983 

—9,6532 

-9.7073 

1.3973 

9.1743 

698 

9 . 1 5 1 0 

8.2863 

0.4358, 

+Q.0977 
+8.0I83 

—9.5081 

—9.9427 

I .2983 

9.i3i3 

699 

8.8253 

7*9580 

0.4832 

—9.6529 

—9.1891 

1.3983 

9.1288 

700 

—8.820a 

+7.9500 

+0.4872 

-4.6517  1 

-9.6375 

+5.8278 

+  1.2983 

+9.1261 
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No. 

B.A.C. 

Constellation. 

Mag. 

Risht  Amsensioa, 
Jan.  1, 1850. 

Annual 
Variation. 

North  Polar  Dial., 
Jan.  1,  1850. 

Annual 
Variation. 

A.    m.       «. 

«. 

0       /        /' 

" 

70X 

3978 

27  Crateris,            f 

4 

XI  37  10.04 

+3.033 

107  3o  58.5 

+  '9-97 

702 

3979 

2  Virginis,            ^ 

5 

37  33.03 

3.097 

80  54  3o.i 

20.00 

703 

3981 

63  Ureae  Majoris,  % 

4 

38     6.53» 

3.209 
3.093 

4x  23  20. 5* 

19-94 

704 

3982 

3  Virginis,            v 

4i 

38     8.97» 

82  37  49.4* 

20. x6 

706 

3984 

Muscae, 

4i 

38  34.44 

2.792 

i55  53  52.x 

20. o3 

706 

3990 

93  Leonis, 

4 

4o  x4.66 

3.X07 

68  56  49.3 

19.98 

707 

3995 

94  Leonis,              /? 

2i 

4x  24. 27* 

3.066 

74  35  22.6* 

20.09 

708 

4002 

5  Virginis,            /? 
HydriB, 

3i 

42  52.90* 

3.X28 

87    23    25.2* 

20.28 

709 

4oi5 

4 

45  20.47* 

3.0x4 

X23     4  26.5* 

.    20. o4 

7x0 

4017 

64  Ursas  Majoris,    y 

2 

45  55.06* 

3.202 

35  28  16. 8* 

20.04 

7IX 

4o48 

Chamaeleontis,  e 

5 

52  X4.93 

2.83o 

167  23  x3.o 

20.10 

712 

4o52 

8  Virginis,            tt 

5 

53  XX. x6* 

3.079 

82  32  57.7* 

20.10 

7x3 

4072 

9  Virginis,            0 

4i 

57  34.07* 

3.064 

80  26     X.4* 

20.  o5 

714 

4078 

Crucis,               ri 

4i 

59     5.65 

3.o4i 

x53  46  38.6 

20.24 

7i5 

4087 

Centauri,           <5 

3 

X2     0  36.54 

3.070 

139  53  x4.x 

20. x5 

7x6 

4090 

X  Conri,                a 

4i 

0  41.27 

3.082 

xi3  53  28.0 

20. xo 

717 

4097 

2  Corvi,                e 

4 

2    25.25 

3.077 

XII  47     4.5 

20. o3 

718 

4io3 

Centauri,           p 

4 

3  5o.x5 

3.090 

x4i  3x  57.2 

20.  o3 

719 

4X12 

Draconis, 

5 

5     6.43* 

2.936 

XI  33     0.3* 

20.  o3 

720 

4l20 

Crucis,               6 

3 

7  X2.68 

3.X28 

147  54  49.3 

20.00 

721 

4X23 

69  Ursae  Majoris,   6 

3 

7  58. 70* 

3.016 

32     8     1.7* 

20.10 

722 

4x24 

4  Corvi,                 y 

3 

8     5.97 

3.077 

106  42  3o.4 

20.02 

723 

4x25 

6  Comae, 

5 

8  22.93 

3.o54 

74  x5  53.2 

20.  o5 

724 

4x26 

2  Canuin  Venat., 

5 

8  35.84* 

3.034 

48  3o  i5.9* 

20.07 

726 

4x27 

7  Coxnae, 

5 

8  44.96 

3.o5o 

65   x3  14.1 

20.07 

726 

4x28 

Canum  Venat., 

5 

8  57.48 

3.o4x 

56     6     2.8 

20.22 

727 

4x3i 

Chamaeleontis,  /? 

5 

9  40.27 

3.3o4 

x68  28  46.3 

20. o5 

728 

4x33 

Crucis,               C 

5 

xo  20.59 

3.x53 

x53  10  20.8 

20.46 

729 

4x45 

1 5  Virginis,            17 

3i 

X2    X3.89* 

3.067 

89  49  58.5* 

20.07 

730 

4x^1 

16  Virginis,            c 

5 

la  43.93* 

3.049 

85  5x     6.5* 

20.09 

73i 

4x56 

IX  Coxnae, 

5 

x3     8.x3 

3.036 

71  22  39.8 

19.95 

732 

4x58 

Crucis,              t 

4 

i3  18.27 

3.177 

x49  34  19.6 

19.88 

733 

4169 

X2  Comae, 

5 

x4  57. 6x 

3.029 

63  19  i3.3 

20.00 

734 

4i8i 

1 3  Comae, 

5 

x6  46.83 

3.022 

63     4     5.6 

20.02 

735 

4x86 

Crucis, 

4i 

x8  x3.x8 

3.283 

x52  17  23.6 

20.01 

736 

4187 

Crucis,               a 

X 

x8  x8.oo 

3.25i 

x52  x5  59.7 

19.94 

737 

4x9X 

1 4  Comae, 

5 

18  53.77 

3.0x5 

6x  53  59.6 

20.01 

738 

4195 

1 5  Comae,                y 

4i 

X9  27.45 

3.004 

60  53  49.1 

20.09 

739 

4196 

x6  Comae, 

5 

X9  29.08 

3.018 

62  20  33.2 

19. 98 

740 

4197 

Centauri,           a 

k\ 

X9  57.03 

3.185 

x39  23  55.8 

19.91 

74i 

4202 

Centauri, 

5 

ao  24.87 

3.155 

128    X2    37.2 

20.23 

742 

4211 

7  Corvi,                 6 

3 

22     6.81 

3.X06 

io5  4o  46.5 

20.12 

743 

42i5 

Crucis,               y 

2 

22  52.84 

3.275 

x46  x6  17.7 

20.  i3 

744 

4224 

Muscae,                y 

4 

23  35. o5 

3.460 

i6x   x8  x3.2 

19.98 

745 

4226 

8  Corvi,                17 

4i 

24  20.93 

3.083 

Io5    21    52.4 

20.01 

746 

4234 

9  Corvi,                /? 

2^ 

26  30.94* 

3.x3x 

112  34    o.i* 

19. 99 

747 

4235 

8  Canum  Venat.,  /? 

4 

26  36. 4o* 

2.865 

47  49  35.5* 

19.64 

748 

4239 

5  Draconis,           k 

3i 

27     3.XO* 

2.6x0 

19  23    4.4* 

19.96 

749 

4240 

23  Comae, 

4i 

27  22.75 

3.ox5 

66  32  37.3 

19.91 

760 

4245 

Muscae,              a 

4 

12  28  x8.2o 

4-3. 48x 

i58  x8  28.7 

4-19.90 
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No, 

LogarftlUTii  of 

Logmrltluiu  of                               j 

a 

b 

c 

d 

a" 

b' 

c' 

d' 

701 

—8.8424 

-1*7.8432 

+0.4813 

+8.3209 

—9*6471 

—9.4764 

+  1.300I 

+8.9977 

70a  1 

8.8273 

7,8197 

0.4903 

—8.0360 

9 . 6 1 60 

+9. 1966 

i,3ooi 

8.9903 

7o3 

9.0016 

7.9839 

0,5072 

—8.8768 

9.3333 

+9.8732 

I . 3 002 

8.9793 

704 

8.8255 

7,8061 

0.4896 
0.4459 

-7.9337 

9.6214 

+9.1062 

1 . 3oo2 

8.9786 

705 

9.2110 

a.i83o 

+9.1713 

9.4190 

-9.9585 

I . 3oo3 

8.9701 

706 

8.8533 

7.7889 

0.4935 

—8.4077 

9*5730 

+9.5538 

1 . 3oo6 

8.9350 

707 

8.8384 

7-7485 

0.4914 

—8*2628 

9.5987 

+9.4330 

I.3oo8 

8.9087 

708 

8.83S2 

7.6973 

0.4879 

—7.4816 

9.6336 

+  8.6572 

i.Soio 

6.8728 

709 

8.8998 
9.0594 

7.7061 

0.4793 

+8.6368 

9 . 6oo5 

-9.7361 

I. Sot  3 

8.8o55 

710 

7.8484 

o.5o33 

—8.9703 

9.3049 

+9,9100 

i.3oi4 

8.7663 

7" 

0.4845 
8.8374 

8. 01 38 

0.4577 

+9,4739  , 

9,1065 

-9*9891 

I .3030 

8.5291 

7ifl 

7.3006 

0,4880; 

—7.9403 

9,6298 

+9*1137 

i,3o3o 

S.4730 

713 

3.8300 

6.8554 

0,4^76 

— 8.o5o6 

9.6395 

+9.2206 

l,3o22 

6.0354 

714 

9.X786 

+6.7754 

0.4857 

+9.i3i5 

9.3905 

—9.9528 

I.3o32 

+  7.5967 

715 

9.oi4d 

—6.4392 

o.A^l^ 

+8.8984 

9.4434 

—9.8835 

1 .3023 

-7-4344 

726 

3.8628 

6.3401 

0.4875 

+8,4703 

9.5973 

—9.6075 

1.3033 

7-4773 

717 

8.8561 

6.8799 

0.4880 

+8*4256 

9.6011 

-9.5695 

I .3032 

8.0238 

718 

^,o3oo 

7,3537 

0,4913 

+8.9338 
-9.5i34 

9.4098 

-9'S937 

1  *  3022 

8.2336 

719 

9. 5223 

7.8702 

0,4661 

9*0363 

+9.9910 

1.3021 

8.3478 

720 

9.0984 

7.5964 

0.4966 

+9,0364 

9.3093 

—9.9378 

t.3020 

8.4978 

7JI1  , 

9.0978 

7,6398 

0.4766 

—9.0356 

9.4155 

+9.9375 

1 .3020 

8.5417 

723 

8.8424, 

7.3909 

0.4893 

4-8,3oio 

9.6079 

-9.4584 

I . 3o2o 

8.5483 

7«3 

d.84o2 

7.4o36 

0.4853 

—8,2735 

9.63io 

+9.4330 

1 . 3o  r  9 

8.5631 

7»4 

8.9491 
8.8655 

7,5336 

0,4809 

-8,7704 

9.5439 

+9.8209 

t  .3019 

8.5743 

7^5 

7.4475 

0,4839 

—8.4879 

9.6138 

+9.6220 

I. 3019 

8.5817 

736 

8.0045 
9.5331 

7.4967 

0.4833 

— 8,65o9 

9.5831 
8*6571 

+9-7461 

I .3oj9 

8.5919 

727 

8.1483 

0.5347 

+9,5i43 

— 9.9908 

i,3oi8 

8.6347 

738 

9 . I 690 

7.8338 

o.5o38 

+9.1195 

9.1920 

—9.9501 

i.3oi8 

8.6543 

7»9 

8.8333 

7.5510 

0.4872 

—6.3885 

9.6377 

+7-4646 

i.3oi6 

8,7371 

730 

8.8344 

7.5696 

0.4865 

—7,6838 

9.64o3 

+8.8587 

i.3oi6 

8.7445 

73. 

8.8466 

7.6053 

0.4836 

— 8.35o8 

9.6330 

+9.5o35 

l.3oi5 

8.7580  : 

73a 

9*1186 

7.8829 

o.5o55 

+9.0543 

9.3399 

-9-9^49 

i.3oi5 

8.7636 

733 

8.8719 

7.6873 

o.48ia 

— 8.534t 

9.6303 

+  9.65i3 

t.3ot3 

e.8i44 

734 

8.8726 

7.7380 

0.4801 

-8.5286 

9.6333 

+9.6549 

t*3oti 

8,8643  ; 

735 

9.i55i 

8,o564 

o.5i49 

+9.1023 

9*1189 

-9-9457 

1 . 3oo9 

8.8999 

736 

0.1547 
8.8769 

8.0578 

o.5i5o 

+9.101S 

,     9.1(83 

—9.9456 

i.3oo8 

8,9016 

737 

7.7941 

0.4788 

—8.5499 

9.6349 

+9,6716 

I *3oo7 

8,9157 

738 

8.88[o 

7 . 8 1 09 

0.4782 

-8,5679 

9*6338 

+9.6854 

I .3007 

8.9284 

739 

8.8750 

7.8o56 

0.4787 

-8.5417 

9.6373 

+9.6651 

I . 3007 

8.9290 

740 

9.0088 

7.9497 

o.5o6o 

+8.8893 

9.3353 

-9-8787 

I . 3oo6 

8.9393 

74i 

8.9269 

7.8778 

o.5oo3 

+8,7183 

9*4564 

-9*7896 

I , 3oo5 

8,9493 

74a 

8.8384 

7.8343 

0*4933 

+8.3701 

9.5931 

—9.4398 

t . 3oo2 

8.9838 

1 

743 

9.0773 

8,0780' 

o,5i46 

+8.9973 

9.19S9 

-9-9'78 

l.3oot 

8.9986 

744 

9.3157 

8,3297 

o.54ii 

+9.3933 

8.6312 

—9.9743 

t.3999 

9.0117 

745 

8.8373 

7.8653 

0,4937 

+8.3604 

9.5914 

—9.4307 

I -3998 

9.0355 

L 

746 

8.8556 

7.93'>9 

0.4963 

+8.4396 

9.5519 

—9.5811 

I .3993 

9 . 0634 

1 

747 

8.9511 

8,0179 

0,4669 

-8.7781 

9*6oi4 

+9.8240 

1,3993 

9.0639 

1 

748 

9-2999 

8.3739 

0.4188 

—9.2745 

9.4067 

+9.9716 
+9.5968 

I ,2992 

9.0710 

1 

749 

8.8583 

7.9376 

0.4773 

—8.4582 

9.6489 

1 .3991 

9 . 0763 

1 

750 

—9.2528 

—8.3467 

+0*5433 

1+9.3209 

—8.6618 

—9*9648 

+  1.2989 

—9.0906 

< 
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No. 

B.A.C. 

Mm. 

Rlfht  AMenston, 
Jan.  1, 1890. 

AnmuU 
VariaUon. 

North  Polar  Dist., 
Jan.  1, 1850. 

Annoal 
Variation. 

75i 

425i 

Centauri, 

r 

5 

k,  m.        a. 
12   29   31.49 

+3.241 

e 

x37  42  49.2 

+  19.84 

752 

4257 

26  Virginia, 

X 

5 

3i  30.74 

3.094 

97  10     7.4 

19.91 

753 

4262 

Centauri, 

5 

3i  46.59 

3.220 

129     9  37.5 
i38     8     6.9 

19.92 

754 

4264 

Centauri, 

y 

3 

33  16. 3z 

3.266 

19.89 

755 

4268 

29  Virginis, 

y 

4 

34     3.69* 

3.o4o 

90  37  33.7* 

19.85 

756 

4271 

3o  Virginis, 

p 

5 

34  17. 4i 

3.037 

78  56     9.4 

19.92 

757 

4280 

Musce, 

P 

4 

37     8.73 

3.577 

i57  17     8.2 

19.8c 

758 

4289 

Cnicis, 

P 

2 

38  59.94 

3.443 

i48  52     0.4 

19.71 

759 

4290 

27  Comae, 

5 

39     9.07 

3.oo3 

72  36    4.7 

19.75 

760 

4293 

Octantis, 

t 

5 

39  45.57 

5.396 

174  18  14.1 

19.42 

761 

4321 

Centauri, 

5 

45     8.75 

3.287 

129  21  42.1 

19.77 

762 

4325 

Centauri, 

5 

45  49.29 

3.473 

i46  21  4o.3 

19.57 

763 

4328 

35  Comae, 

5 

45  54.41* 

2.960 

67  56  19.3* 

19.69 

764 

433o 

4o  Virginia, 

i> 

5 

46  33. 4i* 

3. 116 

98  43  23. 4* 

19.66 

765 

4335 

77  Ursae  Majoris, 

e 

3 

47  24.86* 

2.668 

33  i3  3o.6* 

19.69 

766 

4339 

Ursae  Minoris, 

5\ 

47  57.88* 

o.3o4 

5  45  58.9* 

19.63 

767 

4340 

43  Yir^nia, 

6 

3 

48    2.89* 

3. 023 

85  47  1 1. 6* 

19.71 

768 

4342 

Ursa  Minoris, 

5i 

48    5.49* 

0.288 

5  46  17.0* 

19.60 

769 

4346 

12  CanumVenat., 

a 

2i 

49     O.I7* 

2.823 

5o  52  13.9* 

19.56 

770 

435i 

36  Comae, 

4i 

5i   30.25 

2.974 

71  46  48.7 

19.49 

771 

4353 

Muscae, 

6 

4 

52     2.64 

3.995 

160  44  16.9 

19.55 

772 

436o 

37  Comae, 

5 

53     5.57 

2.885 

58  24  i3.4 

19.50 

773 

4366 

78  Ursae  Majoris, 

5 

54  16. 67* 

2.601 

32  49  26.6* 

19.48 

774 

4367 

47  Virginia, 

e 

3 

54  42.83 

2.993 

78  i3  58.3 

19.46 

775 

4379 

Centauri, 

^ 

5 

58  ii.o3 

3.464 

139     6     5.4 

19.62 

776 

4384 

1 4  CanumVenat., 

5 

58  43.20* 

2.825 

53  23  5o.6* 

19.39 

777 

4387 

39  Comae, 

5 

59     2.53 

2.932 

2.888 

68     2  22.6 

19.42 

778 

4390 

4 1   Comae, 

4 

59  58.69* 

61   34     8.4* 

19.46 

779 

4391 

49  Virginia, 
45  Hydrae, 

g 

5 

1 3     0     a . 6o* 

3.137 

99  56  i3.7* 

19.40 

780 

4395 

f 

4i 

0  59.31 

3.219 

112  18  50.9 

19.41 

781 

44oi 

5 1   Virginia, 

e 

4i 

2  11.26* 

3.101 

94  44  12.9* 

19.37 

782 

44o6 

42  Comae, 

a 

41 

2  41.49 

2.924 

71  4o  33.6* 

19.17 

783 

4409 

Centauri, 

5 

2  5o.o2 

3.398 

i32  34     4.1 

19.38 

784 

44i8 

53  Virginia, 

5 

4    4.93* 

3. 181 

io5  23  17.1* 

19.57 

785 

4421 

43  Comae, 

P 

4^ 

4  52. oi* 

2. 811 

61   21   37.3* 

18.35 

786 

4426 

Muacae, 

V 

5 

5     9.35 

3.943 

i57     5  45.4 

19.09 

787 

4433 

Canum  Venat., 

5 

6  54.62* 

2.734 

49     3     6.7* 

19.27 

788 

4449 

61   Virginia, 
46  Hydrae, 

4i 

10  33.88* 

3.129 

107  28  3i.6* 

20.14 

789 

445o 

y 

4 

10  46.68 

3.247 

112  22  39.5 

19.11 

790 

445 1 

20  CanumVenat., 

5 

xo  48.56* 

2.703 

48  38  10. 5* 

19.08 

791 

4456 

21   CanumVenat., 

5 

II   5i.25 

2.571 

39  3i  4i.2 
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834 
835 

9.4918 
8.7630 
8,9677 
8.7540 
8.7783 

9,3734 

8.5447 
8.7639 
8.55o4 
8.5775 

o,83o6 
o.5o35 
o.33j8 
0.4964 
0.4490 

+9.4843 
+7.9830 
—8.8671  1 
+7.7181 
— 8.3ii6 

+9.6334 
-9*5336 
—9*8356 
—9.5835 
-9.7708 

—9.9348 
— 9.i53o 

+9.8377 
—8*8933 
+9.4608 

1.3345 
1.2343 
i,33o5 
i.33o5 
1.3397 

9,7139 

9.7147 
9.7345 

9.7=»47 
9.7367 

83^ 

837 
838 
839 
84o 

9.3196 

q44i7 
8.9034 
8.9136 
8.9603 

9.0309 
9.3439 

8.7069 
8.7306 
8.7679 

+0.0379 

—9.5707 

+0.5795 

o.36aa 

o,33is 

— 9.1930 
-9.4335 

+8.7557 
-8,7761 
-8,8571 

—9.8133 
-9.7873 
+8.8865 
—9.8393 
—9.8407 

+9,9003 

+9.9174 
-9.7786 

+9*7^78 
+9.6319 

1.3391 

1.3388 

i.2a65 
1,3374 
1.3373 

9.736a 
9.7288 
9.7297 
9.7323 
9.7337 

84t 
843 
843 
844 
845 

8.75c4 

8.8469 
8.8537 
8.8889 
8.8900 

8.5678 
8.6573 
8.6737' 
8.7300 
8.7313 

0.5097 
0.5589 
0.5639 
o.58o8 
o*58i3 

+8,1008 
+8,6383 
+8.6509 
+8.7348  1 
+8.7373 

—9.4839 
—8, 3480 
+7.8751 
+8,9368 
+8.9360 

—9.2663 
—9.7067 
—9.7186 
-9,7639 
—9,7650 

1,3370 

1.3365 
1.3336 
1.3301 
1 .3301 

9.7333 
9.7345 
9.7414 
9.7491 
9-749« 

1 

846 

847 
848 

849 
85o 

8.9533 

8.7368 
8.9339 

8.7971 
—8.8546 

e!584o 
8.7794 

8.6638 

-8.7338 

o.3i58 

0.4903 

0.6013 

o.4t4o 

+0.5768 

—8.8539 
+7.1697 
+8.8068 
-8.5093 
+8.6758 

t— 9.8570 
—9.6314 
+9.3167 
—9.8309 
+8.8395 

+9.8t3o 
-8.3456 
—9.7939 
+9,6183 
— 9.7264 

1.3155 
I.3149 
1. 3133 

t,3o83 
+  1.3074 

9.7688 
9,7509 
9.7654 
9,7738 
-9-7744 

^ 

E£ 

^ 

^ 
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No. 

Mm. 

W  1, 1850. 

Amraai 
Variatioo. 

North  Polar  DisL, 
Jan.  1, 1850. 

Annaal 
Variation. 

85i 

48x2 

27  BootiB, 

Y 

3i 

k,    m.        «. 

x4  26    2.20* 

a. 
+2.429 

0       /        /' 
5i     2     0.1* 

+  15.98 

852 

4821 

Lupi, 

P 

5 

27  49-93 

+3.998 

i38  46     7.9 

16.25 

853 

^854 

4822 

5  Vnm  Minoris, 

4 

27  54.43* 

—0.244 

i3  38  14. 3* 

16. o5 

4823 

28  Bootis, 

0 

5 

28    9.02* 

+2.6i5 

59  36     3.7 

15.89 

855 

483x 

Centauri, 

a> 

4 

29  26.46 

4.018 

i5o  12  53.8 

l5.ll 

856 

4832 

Centauri, 

o» 

I 

29  28.00 

4.018 

i5o  12  37.4 

i5.li 

857 

4833 

Apodis, 

a 

4i 

29  29. 3x 

7.009 

168  24     1.9 

15.89 

858 

4835 

Circini, 

a 

4 

3o  27.77 

4.739 

i54  19    0.9 

16. i5 

859 

4839 

Lupi, 

a 

3 

3x  58. 96 
32  39.59 

3.941 

i36  44  26.2 

15.88 

86o 

4842 

Centauri^ 

5 

3.697 

127     8  45.7 

i5.83 

86 1 

4847 

29  BooUs^ 

tr 

3i 

33  40.55 

2.816 

72  56     7.1 

X5.69 

862 

4849 

3o  Bootis, 

c 

3i 

33  59.35* 

2.861 

75  37  3x.6* 

15.70 

863 

485o 

3 1  Bootis, 

5 

34  X6.99 

a.  947 

81   11  36.9 

15.70 

864 

4852 

Centauri, 

5 

34  3o.o2 

3.637 

124  3i  26.3 

15.93 

865 

4855 

X07  Virginis, 

t^ 

4i 

35     9.62* 

3.155 

95     0  12.2* 

15.96 

866 

4864 

34  Bootis, 

4i 

36  49.91 

2.642 

62  49  53.6 

i5.53 

867 

4873 

35  Bootis, 

0 

4i 

38  14.67 

2.800 

72  23  49.6 

x5.48 

868 

4876 

36  Bootis, 

t 

3 

38  26. x4* 

2.622 

62  17  27.3* 

x5.45 

869 

4878 

109  Virginis, 
56  Hydr«, 

4 

38  40.24 

3.029 

87  28  17.4 

x5.46 

870 

488o 

5 

39    0.00 

3.478 

ii5  27  20.5* 

x5.5x 

871 

4882 

57  Hydr», 

5 

39  XI. 59* 

3.483 

116     0  5o.9* 

1 5. 48 

872 

4890 

7  LibrK, 

f 

5 

4i     6.22* 

3.279 

io3  3i   x4.o* 

i5.3i 

873 

4891 

58  Hydre, 

5 

4i  29.44* 

3.5o3 

XX7  19  55.8* 

i5.32 

874 

4892 

Lupi, 

0 

5 

4i  52.47 

3.885 

1 32   57     3.2 

i5.4i 

875 

4895 

9  Libre, 

a 

3 

42  35. 3i* 

3.309 

xo5  24  54.7* 

16.29 

876 

4905 

37  Bootis, 

^ 

3i 

44  28.28 

2.767 

70  16  28.4 

i5.25 

877 

4922 

1 5  Libre, 

^ 

5 

48  38.13* 

3.245 

100  48     4.4* 

14.90 

878 

4924 

Lupi, 

/? 

3 

48  43.91 

3.891 

i32  3i   32. 0 

14.98 

879 

4928 

Centauri, 

K 

3 

49  25.53 

+3.865 

i3i  29  52.6 

i4.«i 

880 

4936 

7  Ursae  Minoris,  p 

3 

5x   x2.o3* 

—0.273 

i5  i3  53.8* 

14. 7« 

88  X 

4939 

19  Libre, 

s 

4i 

52  57.84* 

+3.197 

97  55  i3.o* 

14.62 

882 

4948 

Lupi, 

ir 

5 

54  55.81 

4.039 

i36  27  36.4 

14.63 

883 

4949 

Draconis, 

5 

55  12.83 

0.935 

23  28     9.4 

14.42 

884 

4950 

20  Libre, 

3i 

55  18. ID* 

3.496 

1x4  4i   19.7* 

i4.5o 

885 

495  X 

no  Virginis, 

5 

55  19.57 

3.027 

87  18  57.7 

14.46 

886 

4958 

42  Bootis, 

P 

3 

56  17.80* 

2.264 

49    0  55.2* 

14.46 

887 

4969 

43  Bootis, 

V' 

5 

58     1. 19 

2.572 

62  27  53.6* 

i4.3o 

838 

4970 

21   Libre, 

v» 

5 

58  16.19 

3.335 

io5  4o  16.8 

14.32 

889 

4973 

Lupi, 

X 

5 

58  45.79 

3.996 

i34  4i   57.5 

14.46 

890 

4974 

44  Bootis, 

i« 

5 

58  50.82* 

1.978 

4i  45  35.0* 

14.22 

891 

498  X 

45  Bootis, 

c 

5 

i5    0  42.75 

+  2.632 

64  32  36. 0 

x4.3o 

892 

4982 

TJrse  Minoris, 

5 

0  44. o5 

-4.797 

6  52  24.6 

x4.x4 

893 

4986 

Lupi, 

K 

5 

I  31.97 

+4.1x5 

i38     9  44.8 

x4.x9 

894 

4987 

Lupi, 

f 

4 

I   32. 3o 

4.25o 

i4i   3i  27.9 
i58     7     9.5 

x4.3x 

895 

5oo5 

Tnang.  Aust., 

r 

3 

4  59.47 

5.456 

13.92 

S96 

5oii 

Circini, 

fi 

5 

5  48.85 

4.6x3 

x48  i4    4.8 

13.85 

897 

5028 

Lupi, 

< 

5 

8.  7.65 

4.127 

x37  19     6.9 
60  16  35.8 

X3.85 

898 

5o3x 

48  Bootis, 

X 

5 

8  12.96 

2.5o8 

X3.65 

899 

5o32 

2  Lupi, 

4i 

8  42.96* 

3.631 

119  35  33.9* 
98  49  33.1* 

X3.69 

900 

5o34 

27  Libre, 

P 

2^ 

i5    8  56.44* 

+3.220 

+  i3.6a 

No. 

Lafuiihma  of                                  f 

1                              Lflfvit^iM  of                             ] 

a 

b 

c 

d 

a' 

*'    t 

€' 

d 

85i 

6Sa 

853 

854, 

855 

—8.8383 
8.9076 
9,3539 
8.7903 
9.0381 

— 8,7077 
8.7840 
9.2306 
8.6680 
8.9108 

-I-0.3851 
-I-0.6007 
^9,3876 
+o.4i47 
o,653i 

—8.6369 
+8,7838 
-9.34i5 
-8.4945 
+8.9665 

L_9.8522 
+  9.3306 
—  9.8368 
-9*8319 
+9.4929 

1 
+9.7037 
-9.7788 
+9,8901 
+  9.6063 
-9,8387 

+  1,2073 
t.2o48 
1.3047 
i.3o44 
1 ,2025 

—9*7745 
9,7790 
9*7792 
9.7798 
9*783i 

856 
857 
858 
859 
86o 

9.0380 
9*4ao8 
9.0858 
8.8846 
8.8180 

8.9109 
9.3o38 
8.9736 

8.7773 
8.7133 

0.652I 
0.8466 
0.6783 
0.5961 
0.5678 

+8.9664 
+9<4ii8 
+9.0406 
+8.7469 
+8.5989 

+9.4939 
+9.7053 
+9.5587 
+9.1787 
+8.4346 

—9*8387 
—9*8913 
-9*8536 
—9.7589 
-9.6765 

I. 302 5 

t.3034 
1.9010 
I.X988 

1,1978 

9*783i 
9*7832 
9-7856 
9*7893 
9.7909 

86 1 
863 
863 
864 
865 

8.7375 
8.7313 
8*7233 
8.8008 
8.7174 

8.6368 
8.63i8 
8  6339 
8.7034 
8.6235 

0.4496 
u    0.4560 
0.4686 
o,56[7 
0.4975 

— 8-3o5o 
—8.1363 
-7.9071 
+8.5542 
+  7.6579 

-9*7763 
-9.7596 
—9.7196 
—7.5683 
-9*5773 

+9*36i6 
+  9.3885 
+9.0781 
—9.6462 
—9.8333 

r.1963 
1*1958 
I. 1953 
1.1950 
1 . 1940 

9.7934 
9-794t 
9.7948 
9.7953 
9.7969 

866 
867 
868 
869 
870 

8.7639 
8.7318 
8.7635 
8,7107 
8.7541 

8.6755 
8.6488 
8.68i3 
8.6394 
8.6741 

0*4211 

0.4472 
0.4188 
0 . 48 1 9 
o.54i3 

-8.4a34 

—8.2124 

—8.4310 
—7.3553 
+8.3874 

—9.8391 
—9.7826 
— 9*833o 
—9.6644 
— 9  * 0682 

+9.5488 
+9.3676 
+9*5542 
+  8.5310 
-9.5191 

I.I914 
I. 1892 
1*1889 
1*1886 

t,i88i 

9,8008 
9,8041 
9.6045  ' 
9.8o5x 
9*8o58 

27' 
87a 

873 

874 

875 

8.7558 
8.7186 
8.7572 
6.8407 
8*7199 

8.6765 
8.6467 
8.6867 
8.7717 
6.6537 

0.5436 
o.5i57 
0.5463 
0.5887 
0.5199 

+8.3979 
+8.0874 

+8.4191 
+8.6741 
+8.1445 

—9.0382 
—9*4337 
—  8.9450 
+  9.0955 
^9.3897 

—9.5376 
— 9.25i3i 
—9.5438 
—9.7146 
—9.3047 

1.1878; 
1. 1847 
i.i84i 
i,i835 
t.1823 

9.8063 
9*8106 
9.8114 
9*6123 
9.8139 

876 

877 
878 

S79I 
880 

8.7273 
8.7017 
8.8363 
d.di8t 
9.3699 

8.6681 
8.6585 
8.7835 
8.7779 
9.3366 

o,44o3 

o,5io8 

0.5904 

-f  0.5874 

—9,4242 

— 8.a555 
+7-9744 
+8.6563  ' 
+8.6393 
-9.3544 

—9.7997 
--9 -4778 
+9-1274 
+9.0842 
—9.8863 

+9.4053 
—9.1428 
—9*6997 
-9*6899 
+9.85oo 

1.1792 
I. 1722 
I .1720 
1*1709 
I. 1678 

9.8180 
9.8269 
9.8271 
9*8285 
9*8323 

SSii 

SSa' 

683 

684 

665 

8.690S 

8.8447 
9.0831 
8.7337 
8.68a6 

8.6638 
8.8254 
9.0640 
8.7059 
8.6648 

H-o.5o49 
0.6067 
9.9737 
o,5436 
o«48io 

+7-8297 

+8.7049 
—9.0446 
+8.3446 
-7.3530 

—9.52  56 

+9.3o58 
—9*9073 
— 9.0216 
—9*6683 

—9.0016 

—9.7192 
+  9*8209 

-9*479» 
+8*5286 

i.i646 
1 . 161 ] 
1 .1606 
I .]6oZ 
1 . 1 60^ 

9.8357 
9.8397 
;      9* 8402   ! 
9.8404 
9.84o5 

886 
887 
888 
889 
890 

8,8034 
8.7393 
8.6931 
8.8340 
8.8531 

8.7884 
8.7318 
8.6865 
8.8193 
8.8477 

0.3546 

o.4t2o 
0.5329 
0.6022 
o.3o47 

—8.6193 
—8.3943 

+8.1347 
+8.6712 
—8. 7248 

—9.894a 
—9 .  85o6 
—9.3583 
+9.2700 
— 9.9105 

+9*6732 
+9*5i8t 
—9.2843 
—9.6990 
+9.7344 

I.I586 
1.1554 
1.1 55o 
1 . I 54o 
1*1539 

9*8424 
9 '8457 
9*8463 
9.8471 
9-8473 

891 
893 
893 
894 
895 

8.7164' 
9 . 5940 
8.8463 
8.8765 
9.0934 

8.7191 
9.5968 
6.8521 
8.8824 
9*1113 

+0.4183 

—0.6810 

+0.6163 

o.63o3 

0.7384 

—8.3497 
—9.5909 
+8.7185 
+8.7702 
+9.0599 

—9.8431 
—9.8786 
+9.3817 
+9.4583 
+9.7064 

+9*48i4 
+9.8450 
-9.7187 
—9.7402 
—9.8074 

1  .i5o^ 
i.i5o3 

I.I488 
i.t486 

1.1430 

9*85o8 
9.8509 
9*6524 
9.8534 
9.8667 

B96 

897 
898 
899 
900 

8.9407 
6.8363 
8.7185 
8.7169 
-8.6609 

8.9636 
8.8571 

8.7497 
8.7500 

—8.6949 

Or  6661 

0.61 6 I 

0.40<H3 

0.5596 

-|-o.5o83 

+8*8703 
+8.6936 
— 8,4i38 
+8.4io5 
1+7.8468  ' 

+9*5886 
+9.3869 
—9,8691 
— 8.1818 
— 9.6000 

-9*7677 
—9.6999 
+9.5287 
-9.5359 
-*9.oi78 

1 . l4n4 

1.1357 

1.1356 

I.I345 

+  i.i34i 

9.&602 

y.8644 

9*8645 

i     9.8654 

—9*8658 

1 
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No. 

fi.A.a 

GaomBUiaiocL 

M«f. 

Jan.  1,  I8a0. 

Ananol 

Nartb  TtAia  DIM., 

Jul.  1,  1850. 

AooBiil 
Vutstloa. 

901 

5o36 

49  BootiB, 

a 

3i 

4.      A.            «. 

i5     9  37.44* 

1          a. 

+  3.431 

• 

56     7  21. 8» 

+  13.67 

90a 

So46 

Lupi, 

<f 

4 

11  33. So 

3.898 

4.1  §8 

1 3o     6     4.1 

13.6S 

9o3 

5o49 

Liipij 

v^ 

5 

II  42*44 

137   33   36-1 

13.67 

904 

5o54 

Lupi, 

f 

5 

13  18. 66 

3*791 

125  43  44.9 

13.46 

905 

So  56 

Lupl, 

• 

4i 

13  3o.65 

4.038 

i34     8  44.4 

13.57 

906 

5o5o 

Lupi, 

f 

5    i 

i3  35.4a 

-f3.8o3 

136  18  58.8 

i3,39 

907 

3079 

It  UrsRMitionaf 

5 

17  i5.3a* 

—0.086 

17  37  53.5* 

i3,o6 

908 

S084 

5t   Bootifl, 

M 

4 

18  40.42* 

19  48, 37* 

+3.367 

53     5  39.0* 

ia.89 

909 

5089 

32   LibrEe, 

^^ 

4 

+3.374 

106   II   33.9* 

13.94 

910 

5094 

1 3  Ur«ie  Minoria, 

r 

3^ 

31     0.38* 

— 0.146 

17  37  56. 0* 

13*77 

911 

5097 

13  Draeoubt 

t 

3 

a I  30.0a* 

+1.3331 

3o  3o  34.8* 

13.76 

91a 

5098 

3  Cofonfi  BoT,, 

fi 

4 

at  38*99 

s*48o 

60  33  37.3* 

13*71 

913 

5io3 

Trianf.Anwt, 

€ 

5 

33       3,33 

5,356 

1 55  48  33,5 

13*93 

9t4 

5ii3 

Lupi, 

7 

3 

aS     9.83 

3.963 

i3o  39  29*7 

13. 71 

915 

SiaS 

37  lAhtm, 

4 

aS  59*19*, 

3.368 

99  33  46*7* 

13,73 

916 

5i3i 

4  CoTonE  Bor^j 

B 

41  1 

36  53.95 

3.4iS 

58     7  5a*5 

13*44 

9' 7 

5i34 

38  librs. 

7 

4i 

27     84S* 

3.344 

io4  17    6*7* 

13,39 

918 

5i35 

1 3  Ser|ieniiB, 

3 

3 

27  38.64 

3.866 

78    57    30*3 

13,33 

919 

Si3S 

39  Libr«, 

4 

a?  55.8a* 

3.634 

117  38     1.5* 

13.33 

930 

5i39 

Liipi, 

I 

5 

37  58.18 

4«ot8 

t3a     4  16.9 

ia.49 

931 

5i43 

5  Corone  Bor., 

a 

3i 

ad  ao.aS* 

a.  539 

€s  46  39*0* 

13,39 

933 

5r5r 

4o  LibriB, 

4i 

39  37.38* 

3.663 

119  16  47'7* 

12.39 

9^3 

5 1 55 

6  Corona  Bor*, 

^ 

5 

39  44.71* 

2.200 

5o  39  ao,8* 

13. a3 

934 

5i6S 

Lupi, 

5 

3o  53.87 

4*090 

I 34     9  33.9 

13.49 

935 

5176 

43  Libr«, 

« 

5 

33  18.7s* 

3.445 

109  n   18*6* 

1  a .  06 

9^6 

5j79 

7  CoTOnm  BoT^t 

c 

5 

33  44.09 

a. 371 

53  5a  38*3 

I3*o5 

927 

5i87 

31  Serpentis, 

I 

5 

34  51.89 

3 .  670 

69  5o  34.8 

11.89 

936 

5 190 

44  Libne, 

n 

41 

35  38.48* 

+3.371 

io5    II   37, !• 

11.86 

939 

5191 

1 5  Urs«  BfinoriAf 

e 

5 

35  58.15* 

-^1.976 
+a.5i9 

la     9   11.9* 

11.79 

g3o 

5193 

e  CoKrtiwBor., 

7 

5 

36  36,63 

63  i3  3i.5 

11.68 

93i 

6196 

34  Serpentia, 

a 

3f 

36  53.92* 

9.953 

83     5  56.0* 

11*67! 

933 

5aj4 

37  Serpentis, 

X 

4* 

39  10. 1 5* 

3*912 

8a   10  33*9* 

1 1 .  6o{ 

933 

SsiG 

28  Serpetitifl, 

0 

3i 

39  15.99 

a.  767 

74     616*3 

11.56 

934 

S^M 

Trmng,  Auetr^ 

K 

5 

4o  46.33 

5.836 

iSS     6  S3.3 

11,461 

935 

5337 

5  Lupi, 

X 

4 

4i  36. 5 I* 

3.789 

133     9  56,5* 

11,46 

936 

5a3o 

02  SerpentiS) 

^ 

3i 

4i  47.94 

3*138 

93  58     0*4 

11*36 

937 

S33a 

1   Scorpii, 

h 

5 

4i  58.05* 

3.593 

ri5  17  36*3* 

11, 4o 

938 

5=33 

Triang,  Aust., 

0 

3 

4i  59.10 

S.aoS 

i5a  57  36,8 

11.73 

939 

52  34 

35  Serpentia, 

K 

^ 

4i  So. 54 
43  18,39 

a .  700! 

71  33  28.4 

11.41 

94o 

5344 

10  Corone  Bor., 

i 

4* 

a.Sta 

63  aS     6.7 

1 1 .  3o 

941 

SaiS 

37  Serpentisj 

t 

3 

43  ao.57 

3.989 
3*587 

65     4     3.3 

11.31 

943 

535o 

3  Bcarpii, 

A 

5 

44  37.01* 

I i4  Sa   39*1* 

11.19 

943 

5a5i 

45  Libnt, 

X 

4 

44  38.15* 

3*471 

100  43  5o*7* 
68  34     1^4 

11.19 

944 

5aS3 

38  Serp^mbf 

P    1 

4i 

44  4o.8o 

8.635 

It  .11 

,45 

53S7 

46  Libre, 

9 

41 

45  I7-47' 

3.410 

106  17     5-3* 

10.99 

946 

5a59 
S368 

11  Corane  Bor., 

«c 

5 

45  34.78 

tt,a56 

53  5a  35,6 

11.43 

947 

Lupi, 

i 

4i 

47  18.95 

3.817 

133  3i    16,4 

10.96 

948 

5373 

5  Scorpii, 

P 

4 

47  37-93* 

48  47*03* 

3.689 

118  46  17.6* 

10,971 

949 

5379 

Dra.contS| 

5 

t*4ot 

33  43  43.6* 

10,66 

IIM. 

5384 

4 1  SerpeatiB, 

y 

3 

tS  49  31.73* 

+3.769 

-^3  5o  4o.4 

+  I2.o5i 
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4TAL0GUE     OF 

1500   S 

*TAR  S. 

< 

K*. 

LofAriUuiyior                               [ 

L€»«art(tuni  of                             ] 

a        1 

b 

C 

d 

tf' 

r 

e' 

<£' 

901 

—8.7355 

-6.7714 

+0.3S21 

"8.4817 

—9.8867 

+9.5770 

+  i.i33o 

—9.8667 

902 

8.7668 

8.8106 

0.5917 

+8,5758 

+9.1641 

—9.6355 

1. 1287 

9.8703 

9o3 

8.8193 

8.8638 

0.6179 

+8.6861 

+9.4019 

— 9.6939 

1. 1284 

9.8706 

904 

8.7392 

8.7860 

0,5783 

+8.5o54 

+8.9133 

— 9.5911 

1.1271 

9.8716 

9o5 

8.7925 

8,84oo 

0»6o6l 

+8.6354 

+9.3164 

—9.6673 

1 .1367 

9.8719 

906 

8.7398 

8.7915 

+o*58o4 

+8.5I33 

+8.9694 

-9.5946 

1.1244 

9.8738 

907 

9.1568 
8,7375 

9*3335 

—9.0770 

-9.1359 

—9.9315 

+9.7933 

I.I164 

9.8799 

908 

8.8093 

-f  0.3573 

—8,5260 

— 9 ■ 9090 

+9.5991 
—9.2538 

1.1129 

9.8824 

909 

8.65oo 

8.7354 

+0.5373 

+8.0953 

—9.3084 

I .1107 

9.8839 

910 

9.1484 

9.3385 

— 9,3i36 

-9.  J  375 

—9.9366 

+9.7849 

i.to8o 

9.6859 

911 

8.9228 

9.005 1 

+  O.I213 

—8.8581  , 

—9,9466 

+9-7397 

I. I 066 

9.8868 

912 

8.6891 

8.7716 

0.3953 

-8.3831 

-9.8758 
+9.7332 

+9.4983 

I.I065 

9.8869 

9.3 

9.0124 

9. ioo4 

0.7304 

+8.9735 

'—9,7613 

i,io33 

9,8890 

914 

8.7400 

8.8363 

0.5984 

+  8.5540 

+9.2533 

— 9*6101 

1.0984 

9.8923 

91S 

8.634a 

8.7335 

o.5ii4 

+7.8439 

-9-4745 

—9.0139 

1.0964 

9.8935 

916 

8.6869 

8.7897 

0.3835 

—8.4095 

—9.8938 

+9*5i47 

1.0943 

9.8949 

917 

8 . 6390 

8.7328 

0.5235 

+8.0213 

—9.3553 

-9't837 

I ,0936 

9.8953 

918 

8.6323 

8.7380 

0.4572 

—7.9046 

—9.7610 

+9.0725 

1 .0934 

9.8960 

919 

8.6660 

8.7729 

0.5590 

+8.3324 

—8.2810 

-9.4559; 

t.0917 

9.6964 

920 

8.7437 

8.8498 

0 . 6o44 

+8.5688 

+9.3137 

-9.6i55; 

I .0916 

9.8965   1 

921 

8.6634 

8.7719 

0.4028 

—8.3338 

—9.8733 

+9.4489 

1.0907 
1.0880 

9.8970 

923 

8.6691 

8.7830 

o.564o 

+8.3584 

+  7^9445 

—9.4753 

9,8987  , 

923 

8.7217 

8.8357 

0.34x8 

—8,5353 

—9.9338 

+9.5887 

1,0873 

9.8991   ' 

934 

8.75o5 

8.8688 

o.6i32 

+8.5935 

+  9.3856 

—9.6254 

i.o846 

9,9007 

935, 

8.6349 

8.7539 

0.5370 

+8.i4i6 

— 9, i653 

—9.3939 

1.07S4 

9,9043 

936 

8.6974 

8.8371 

0.3537 

—8. 4781 

— 9-9i?5 
-9.8358 

+9.5558 

1.0773 

9.9048 

927 

8.6235 

8.7578 

0.4373 

—8.1608 

+9.3095 

1*0744 

9.9064 

928 

8.6095 

8.7468 

+0.5269 

+8.0278 

—9.3162 

—9.1885 

I .0724 

9,9075 

929 

9.3699 

9.4085 

— 0.2904 

— 9.3600 

-9.9456: 
-9.6765. 

+9.7594 

X.0715 

9.9079 

930 

8.64t3 

8.7817 

+0.4021 

-8.3949 

+  9-4317 

1.0703 

9.9086 

93i 

8,5940 

8.7363 

0.4683 

-7.6737 

—9.7339 

+8.8467 

t.0691 

i.o63i 

9.9092 

933 

8.5888 

8.7403 

0.4654 

—7.7329 

-9.7334 

+  8.8950! 

9.9123 

933 

8.6014 

8.7532 

0.4408 

—8.0390 

—9,8071 

+9-i9®» 

1.0628 

9.9124 

9U 

9 ,  0096, 

9. 1675 

0.7640 

+8.9773 

+9.7786 

—9.7241 

i.o587 

9.9144 

935 

8.6558 

8.3i64 

0.5786 

+8.3939  , 

+8.9335 

-9.4937 

I .o569 

9.9153 

936 

8.5783 

8.7403 

0.4953 

+7.3931 

—9.5990 

—8.4676 

I .0559 

9.9157 

937 

8.6309 

8.7836 

0.5553 

+8.35i5 

—8.6064 

—9.3839 

i.o554' 

9,9160 

938 

8.9194 

9.0823 

0.7185 

+8.8693 

+9.7297 

—9.7029 

i,o554 

9.9160 

939 

8.6oo4 

8.7632 

o.43i3 

-^8.io43 

—9.8289 

+9.3571 

I.0554 

9.9160 

940 

8.6218 

8. 7899 

0.4011 

—8.3718 

—9.8796 

+9.3995 

i.o5i7 

9-9177 

94 1 

8.5749 

8.7433 

0.4735 

-7.5093 

—9.7030 

+8.6838 

i.o5i6 

9.9177 

94a 

8.6t3o 

8.7856 

0.5546 

+8.3359 

—8.6464 

-9.3697 

i.o43o 

9.9194 

943 

8.5959 

8.7695 

0.5401 

+8.1240 

— 9. 1082 

.—  9.2738 

i.o48o 

9.9194 

944 

8.6007 

8.7745 

0.4307 

—8.1635 

—9.8498 

+9.3084 

1.0479 

9.9194 

945 

8.5856 

8.7619 

0,5309 

+d.o334 

— 9.2639 

—9.1917 

i^o46i 

,     9.9202 

|946 

8.6597 

8.8372 

0.3537 

— 8.43o3  ' 

—9.9351 

+9.5i36 

1.0453 

9.9206 

947 

8.64io 

8.8257 

o.5Sn 

+8.383t 

+9.0033 

—9.4803 

i.o4o3 

9.9228 

949 

8.6i83 

8.8043 

0.5665 

+8.3007 

+8.3579 

—9,4196 

1.0394 

9*923i 

949 

8.8i33 

9 . oo4o 

0.l43'4 

-8.7331 

—9.9732 

+9.6537 

i.o36o 

9*9246 

950 

-^8.5730 

—8.7669 

+0.4384 

—8.0175 

—9,8137 

+9.1761 

+  1.0338 

^ — 9.9255 

51240        . 
^255         I 
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Table  XXX. 


Cataloous  of  1500  Stars. 


No. 

ILA.C, 

x«i. 

Ita,  1,  ISM. 

VmrUibni. 

Iforth  Polar  DUt.p 
Jna.  Ip  ISM. 

AnutiHl 
V&rtAtioii. 

95i 

5385 

1 6  Vtmt  M  model 

f 

4 

i5  49  31.76* 

— 3.3i6 

11  U  48. 0* 

+  10.81 

952 

5^89 

6  Scorpii, 

fl- 

3i 

49  47*1 a* 

+  3,6i5 

tiS  40  39.3* 

to. 65 

953 

5390 

48  Librs, 

4i 

49  47-74* 

3.349 

io3  5o  3a. 5* 

10,78 

954 

5393 

Lupi, 

n 

4f 

5o  11.69 

3.946 

137  S7  44*5 

10,87 

955 

53o3 

i3  CoroQK  Bor», 

f 

4* 

Si  33.73* 

3.487 

63  4i     4.7* 

10-70 

956 

53a3 

7  Scorpiiy 

i 

3 

5i  36.31* 

3.535 

112  ti  34,8* 

10,68 

957 

5333 

44  SerpentiB, 

IT 

4i 

55  So. 14 

3.S8i 

66  46  31.7 

10.36 

9SS 

53^3 

Nomi», 

(f 

5 

55  54.33 

4.198 

i34  45  4t.i 

10.49 

9S9 

53^4 

Si  Libm, 

4* 

56    7.67* 

3.391 

100  57  18.0 

10.34 

960 

53^9 

3  Scoipii, 

^  ! 

3 

56  43, 3i* 

347S 

109  33  s5.3* 

io.3o 

961 

533i 

Lupi, 

e 

4i 

56  45.38* 

3.Q3t 
3J03 

is6  33  3I.3* 

10.35 

962 

5337 

9  Scorpii, 

<j^ 

41 

58     3.5i 

no  i5  37,3 

10.17 

963 

5338 

6   Henculii, 

V 

5 

58     7,43* 

i<86i 

43  33  4o.5» 

to.i4 

964 

5343 

10  8corpu, 

*y» 

4i 

58  36.94* 
58  59.55 

3.5o8 

no  37  3i.o* 

10. 1 5 

965 

5347 

Scorpii, 

5 

3.643 

115  55  i3.3 

10,17 

966 

5348 

i3  Draconifli 

e 

3 

59    5,aa* 

1. 134 

3i     1  58.6* 

9. 78 

967 

5375 

Trian^,  AuBt.j 

i 

4i 

16     r  49.66 

5,364 

i53   17  41*7 

9,88 

968 

538i 

1 3  Scorpii, 

c* 

5 

3    4.5o* 

3.689 

117  3i  55.1* 

9.80 

969 

5383 

14  Scorpii, 

If 

4 

3  17.04* 

3.478 

109     3  58.9* 
99  4o  16. S 

9.75 

970 

5383 

t5  ScoTpii, 

* 

5 

3  48,53* 

3*371 

9,78 

971 

5388 

11  Herculia, 

* 

5 

4    3.tS 

1.869 

44  40  10.8 

9.70 

97a 

54od 

Draconis, 

5 

5  55,9i» 

0.137 

31  47  ^9*6* 

9.50 

973 

54i4 

£  Ophiuchj, 

e 

3 

6  29.31* 

3,i38 

93  18  i4.5* 

9-64 

974 

5430 

18  Scorpiif 

5 

7  28. 3o* 

3.35o 

97  58     3.9 
139  46  55,3 

9.96 

975 

&435 

Norms, 

7" 

5 

6  3846 

4.455 

9 .53 

976 

5437 

3  Ophiuchif 

e 

3 

10  33.41* 

3.168 

94    19    33.3* 

919 

977 

5439 

Apodis, 

y 

5 

10  36.36 

6.783 

168  33     7,8 

JO.  34 

97S 

5447 

30  Scorpii, 

(T 

4 

13     4.73* 

3,634 

ii5  i3  39.8* 

9.  10 

979 

5456 

5o  Serpentis, 

<y 

5 

1 4  38.83 

3.035 

88  36  49.4 

6.84 

9S0 

5459 

Draconis, 

5 

i4  45.56* 

+0.983 

39  5i   47.5* 

6. 89 

9S1 

5463 

19  Utsee  Minoris, 

5 

1 5    9,79* 

—  1.863 

i3  44  49.0* 

6.86 

9^3 

5463 

33   Hercolia, 

T 

4 

i5  i3,93* 

+  i'799 

43  19  37,6* 

8.83 

983 

5466 

ao  Hrreulis, 

r 

H 

tS  18.39 

2,645 

70  29  28.4 

8,80 

984 

5467 

4  Ophiuchi, 

^ 

5 

j5  10.86* 
16  15*37 

3.5oi 

109  4o  53.4* 

8.90 

985 

5473 

19  Coronie  Bor., 

f 

5 

3 .  340 

58  45  33.3 

8.63 

986 

5477 

5  Ophiuchi, 

p 

5 

iG  35.90 

3.586 

ii3     5  44-8 

8,73 

987' 

5479 

20  CoTonffi  Bor., 

yi 

5 

16  43.67* 

a. 361 

55  5o  4i.3* 

8.83 

gSi 

5480  > 

2 1   Coronffi  Bof ., 

1,1 

5 

t6  50.23* 

3 .  269 

55  56  40.9* 

8.75 

969 

5489 

7  Ophiuchi, 
34  Heiculis, 

X 

5 

18  30.16* 

3.468 

loS     6  4o.i* 

8.60 

990 

5490 

u 

5 

iS  39.44 

3.753 

7S  37     1.5 

8.63 

991 

5494 

Ophiuchi, 

5 

19  37.94 

3.335 

97  t4  5i.o 

8,5i 

993 

5495 

3  Ophiuchi, 
35   HercuJw, 

V 

5     , 

19  41.78* 

3.354 

98     I  55.3* 

e.5o 

993 

5496 

5 

30    3,57 

3.134' 

53  i5  4o.8 

847 

994 

5498 

3t   Bcarpii, 

a 

I 

20  i3,07* 

3.668 

116     5  38.9* 

6.49 

995: 

55oa 

DmconiOf 

5 

21     8.75* 

I,  Boo 

34  37    6.9" 

8,39 

996 

55o8 

Scorpii, 
A  pod  is, 

4 

31  35. 4o* 

3.899 

134  33  34.6* 

8.43 

997 

55to 

^ 

5 

31  49*4i  ' 

+8.3i3 

167  II  a6,5 

8.63 

998 

55ti 

31  UrsiE  Minoris^ 

n 

5 

31     57,31* 

—  1.839 

i3  54    4*8* 

8,13 

999 

55i3 

1 4  DmeonlSf 

n 

3     1 

31   58,36* 

+o,8so 

36    8  43,4* 

8,34 

1000 

i55i6 

8  Ophiuchi, 

f 

41^  1 

[6  32  33. 6t* 

+3.430 

id6  16  50.9* 

+  8,3o 

Table   XXX 


C4TAL0GUB    OF    1500     StAR6. 


No. 

Lofvrttbfns  or 

Lofanttun*  of                             | 

a 

b 

\        e        \         d 

a' 

b' 

e' 

d' 

,5. 

— 9,a468 
8,5999 
8.5675 
8.6568 
8.6013 

—9.4406 
8.7948 
8.7635 
8.8534 
8.8029 

\ 

— 0.3701—9.3376 

4-0.5578-^8*3367 

0.524s  H-7. 9464 

0.5967-1-8.4458 

0.39551— 8.3631 

—9.9605 
8.4i33 
—9.3418 
+9.2480 
—9.8888 

+9,7334 
-9.3676 
-9.1097 
—9.5186 
+9.3878 

+i,o338 
i.o33i 
i.o33o 
I .o3i9 
I. 0383 

— 9.9255 
9.9358 
9.9258 
9.9263 
9.9277 

956 
958 
960 

8.5831 
8.5730 
8.6848 
8*5433 
8.5588 

8.7851 
8.7935 
8.9056 
8.765J 
6. 7833 

o.548t 
o.4ii5 
0.6240 
0.5175 
0.5409 

+8.1603 
—8.1688 
+8.5334 
-1-7.6333 
-1-8*0800 

—8.9138 
—9.8673 
+9 -4703 
—9.4303 
J— 9.0941 

— 9.3039 
+  9.3083 
—9.5598 
—8.9903 
— 9,3307 

t.0380 
I. 01 46 
1 .0144 
I .0137 
I. 0118 

9.9378 
9.9329 
9.9330 
9.9333 
9.9339 

961 
962 
963 
9^4 
965 

8.6276 
8.5570 
8.6908 
8.5557 
8.573fl 

8.8520 
8.787d 
8.9313 
8.7883 
6.8064 

0.5929 
0.5436 
0.3691 
0.544a 
o.56oi 

+8 ,4ooB 
+8.0964 
—8.5511 
+8.0993 

+8.3128 

+9*2047 
— 9.o36a 
—9.9655 
— 9,0313 
— 8,io38 

—9.4837 

—9*3447, 
+9.5653 

—9,3470 
—9.3429 

1.0117 

1.0076 
I ,0073 
1.0057 
1.0045 

9,9339 
9,9354 
9.9355 
9.9360 
9-9364 

966 
967 
968 
969 
970 

8.di3G 
8.864a 
8.5648 
8.5364 
8.5i64 

9.0483 
9. ito8 
8.8170 
8.7895 
8.7718 

0.0609 
0.7310 
0.5657 
0.5408 
o.5i45 

-8.7465 
+  8.8i53 
+8.3397 
+8.o5o5 
+7.7417 

—9.9841 
+9. 765  J 
+8.2695 
— 9,0969 
-9.4486 

+9.0349 
—9.6439 
—9.3536 
—9.3031 
-I.9115 

I . oo4a 
0.9951 
0.9909 
0.9903 
0.9885 

9.9365 
9.9395 
9.9406 
9 . 94 1 1 
9,9416 

971 
972 

973 
974 
975 

8.6634 
8.9331 
8.5oi6i 
8.5oi6 
8.6833 

.    8.9188 
9,1981 
8,7690 
8.7735 
8.9605 

0.3759 
9. laaa 
0.4967 
0 . 5 1 00 
o.65o3! 

— 8.5i44 
— 8.9009 
+  7.2623 
+7^6434 
+8.566t 

—9.967a 
-9.9899 
—9.5826 
—9.4880 
+9.5966 

+9.5374 
+9.6467 
—8.4376 
— 8.8i53 
— 9.5533 

0.9877 
0.981 1 
0.9792 
0.9757 
0.9715 

9.9419 
9.9438 
9.9444 
9,9454 
9.9466 

976 

977 
978 

979 
980 

8488] 
9.1884 
8* 534a 

8.4717 
8.7734 

8.7735 
9*4747 
8.8174 
8.7763 
9.079a 

0.4997 
0.9S11 
o.56o3 
0.4831 
+9.9937 

+7.3653 
+0.1797 
+8.I538 
—6.8555 
— 8.7115 

—9.5633 
+9.8945 
— 8. 1072 
—9.6585 
—9.9972 

—8.5403 
-9.6535 
—  9.2864 
+  8.o3i4 
+9.5848 

0,9652 
0,9644 
0.9590 

0.9499 
0.9489 

9.9463 
9*9485 
9,9500 
9,9522 
9.9525 

981 
983 
983 
9S4 
985 

9.093a 
8.6323 
8.4941 
8.4945 
8.5338 

9.4009 

8.9404 
8.8026 
8.8o3i 
8. 8459 

— o.a63o 
-J-o.255o 

0.4325 

0.5440 
0.3694 

—9.0806 
—8.4941 
—8.0178 
+8.0218 
-8.2477 

—9.9888 
9.9780 
— 9.85o5 
— 9.0265 
— ^9.9339 

+9.6396 
+9,5066 
+9.1683 
—9,1718 
+9.3558 

0.9474 
0.9470 
0.9468 
0.9467 
0.9431 

9.9529 
9.9530 
9.9530 
9.9530 
9.9539 

9S6 
987 
988 
989 
990, 

'A 

8.5443 
8.4786: 
8.4698 

8.8x44 
8.8605 
8.86ot 
8.8018 
8.7937 

0.5543 

0.3530 
0.3535 
0.5398 
o,44io 

+8.0933 
—8.3945 
-8.3934 
+  7.9713 
— 7.864g 

—8.6646 
—9.9368 
-9.9364 
—9, 1196 
— 9 , 8094 

—9.2331 
+9.3884 
+  9.3867 
— 9. laSa 
+9.0372 

0.9417 
0.9413 
0.9408 
0.9349 
0.9343 

9.9542 
9,9543 
9.9544 
9.9558 
9.9559 

991 
99a 

993 
994 
995 

8.4548 
8.4554 
8.55i5 

8.4957 
8.6936 

8.7843 
8.7853 
8.8833 
8.8381 
9,0396 

o.5o85 
o.5io6 

0.3389 
o.564o 
o.jt4o 

+  7.5557 
+7.6006 
—8.3383 
+8.1390 
-8.6088 

— 9 , 5 000 

-9.4817 
-9.9533 
+7.9590 
-9.9976 

-8.7384 
—8,7734 
+9.4125 
—9.3684 
+9.5375 

0.9297 
D.9294 
0.9279 
0,9373 
0.9335 

9.9570 
9.9570 
y.9573 
9.9575 
9-9583 

996 
997 
998 

999 

8.5267 
9,0966 
9.0611 
8.7681 
—8.4571 

8.8659 
9.4370 
9.4033 
9.1093 
—6,8013 

0.5913 
+0.9353 
—0.2658 
+9.9012 
+0.5348 

+8. 2784 
+9.0857 
— 9.0483 
-8.7134 
+7 '9048 

+9. 1906 
+9.898! 
-9.9945 
— o,oo3o 
—9.3074 

-9.3711 
—9.6075! 
+  9.6o5o 
+9,5633 
— 9.o63t 

0.9316 

.    0.9207 

0.9301 

0.9301 

+0.9176 

9.9587 
9.9589 
9.9590 
9.9590 
—9.9595 

J 

I 
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No.    B.A.C. 

M«f. 

Jii.  1.1850. 

Amnitl 
Variation. 

Nortli  Polar  Diat.. 
Jan.  1,  1890. 

Annual 
Variation. 

:oox 

5519 

9  Ophiuchi, 

u 

5 

x6  23  i5.xo» 

+3.546 

9             0             *0 

III     8  25.8* 

+  8.14 

J002 

5520 

10  Ophiuchi, 
3o  Hercolis, 

A 

4 

a3  2i.i6» 

3.027 

87  4i     0.7* 

8.27 

looa 

5523 

g 

5 

23  43. o5* 

i:I?6 

4747     7-5* 

8.09 

ioo4 

5525 

27  Hercnlis, 

% 

2i 

83  46.43 

68  zo  45.9 

8.17 

ioo5 

5532 

29  Herculis, 

h 

4i 

25  35.41 

8.806 

78  11     6.6 

8.08 

1006 

5536 

Trian|r.  Aiwt., 

t 

5 

26    3.79 

6.165 

157  59  26.4 
124  56  29.5 

8.25 

1007 

5538 

Scorpii, 

5 

26  3o.8x 

3.932 

8.09 

1008 

5539 
5545 

23  Scorpii, 

T 

3i 

26  33.x3» 

+3.725 

117  53  58.0* 

7-94 

1009 

1 5  Draconis, 

A 

4i 

28  x8.io* 

— o.i48 

20  54  26.9* 

7-79 

1010 

5547 

12  Ophiuchi, 

5 

28  28.89 

+3.I44 

91  59  59.x 

8.X2 

lOII 

5548 

i3  Ophiuchi, 
35  HercnliB, 

C 

3i 

88  54.2X* 

3.299 

100  i5  3i.3* 

7.73 

I0I2 

5552 

a 

4 

29  16. lO* 

1.932 

47  i5     3.x* 

7.69 

ioi3 

5554 

Ar«, 

4 

29  41.91 

5.263 

i5o  37  16.4 

7.70 

ioi4 

5578 

Triang.  Aust, 

a 

2 

32  5o.i3 

6.263 

i58  44  34.6 

7.53 

ioi5 

5579 

Ophiuchi, 

5 

32  54. X7* 

3.461 

107  26  48.7* 

7«4i 

Z016 

5596 

4a  Herculis, 

5 

34  40.64* 

1.620 

2.265 

4o  46  34.0* 

7.3i 

1017 

56o4 

4o  Herculis, 

C 

3 

35  37.99* 

36  51.64 

58    7  20.4* 

6.79 

1018 

5609 

Arae, 

n 

4i 

5.X35 

i48  45  55.8 

7.X3 

1019 

56x7 

44  Herculis, 

V 

3 

37  45. 3o* 

2.o54 

5o  47  22.3* 

7. XI 

1020 

5621 

43  Herculis, 

t 

5 

38  38.05 

2.876 

81     8  22.9 

6.93 

1021 

5628 

18  Draconis, 

g 

5 

39  53.42* 

0.393 

25     7  34.5* 

6.92 

1022 

5632 

26  Scorpii, 

e 

3 

4o  27.43* 

3.875 

X24    0  58.0* 

7.12 

1023 

5637 

20  Ophiuchi, 

5 

4x  32.39* 

3.3x2 

xoo  3o  46.6* 

6.81 

1024 

5638 

Scorpii, 

/«' 

3 

4x  43. i5 

4.047 

X27  47     4.1 

6.85 

I025 

564o 

Scorpii, 

A." 

4 

42  XX. 07 

4.044 

X27  45  22.0 

6.79 

1026 

5643 

Draconis, 

5 

42  26.93 

X.I25 

32  56  57.5 

6.66 

1027 

5648 

47  Herculis, 

k 

5 

43  2.45 

2.909 

82  29  X9.7 

6.59 

1028 

565x 

Scorpii, 

f 

4f 

43  25.40 

4.202 

i32     6  24.8 

6.72 

1029 

566i 

Scorpii, 

c 

3 

44    2.33 

4. 197 

i32     5  56.3 

6.90 

io3o 

5666 

5o  Herculis, 

5 

44  47.81 

2.338 

59  56    4.4 

6.46 

io3i 

5667 

52  Herculis, 

5 

AA  50.79* 

1.745 

43  45  10.x* 

6.53 

io32 

5683 

Arae, 

( 

3i 

46  13.56 

4.925 

x45  44  45.2 

6.4x 

io33 

5688 

23  Ophiuchi, 

5 

46  34.93 

3.2o3 

95  54  14.5 

6.4x 

io34 

5692 

25  Ophiuchi, 
53  Herculis, 

I 

4 

46  54. 8i* 

2.836 

75  35     X.2* 
58     2  49.x* 

6.33 

1035 

5693 

5 

47  X6.85* 

2.269 

6.26 

xo36 

5697 

Arae, 

e> 

4 

47  38. 8x 

4.75a 

x42  55  23.3 

6.28 

1037 

5708 

27  Ophiuchi, 

K 

4 

5o  34.21* 

2.838 

80  23  i5.8* 

5.96 

io38 

57x3 

Arae, 

e* 

5 

5x   X0.97 

4.765 

x43    0  14.9 

\\ll 

1039 

5731 

58  Herculis, 

e 

3 

54  33. xo* 

2.294 

58  5o  58.2* 

io4o 

5735 

Scorpii, 

5 

54  57.65* 

3.926 

X23  54  a3.o* 

5.67 

io4i 

5740 

19  Draconis, 

h' 

5 

55  X2.74* 

o.3o3 

24  38     8.6* 

5.58 

1042 

5747 

59  Herculis, 

d 

5 

56    4.07* 

2.2X1 

56  12  4x..x* 

5.49 

1043 

5765 

60  Herculis, 

5 

58  25.43 

2.781 

77    2  55.6 

5.3o 

io44 

5778 

Scorpii, 

V 

3i 

X7     I  24.62 

+  4.27X 

i33     2    4.8 

5.4o 

io45 

5780 

22  Ursae  Minor  is, 

e 

4 

I  3X.25* 

—6.522 

7  43  27.9* 

5.06 

xo46 

578X 

35  Ophiuchi, 

V 

2i 

I  46.73* 

+  3.435 

io5  32     2.3* 

4.92 

xo47 

5785 

2X  Draconis, 

h' 

4 

2  X3.66* 

X.236 

35  X9  5o.7* 

4.97 

xo48 

5788 

Herculis, 

5 

2  42.98 

2.123 

53  52    0.0 

4.98 

1049 

58o2 

37  Ophiuchi, 

5 

5  23.65 

2.825 

79  x3  43.2 
X16  22  37.3* 

4.74 

xo5o 

58o8 

36  Ophiuchi, 

A> 

4i 

17     6     7.65* 

+3.683 

+  5.8xJ 

I 

1 

I 

■ 

■ 

■^ 

Table   XIX. 

441       1 

r 

c. 

/kXALOooE    OF    1500   Stars, 

• 

No. 

Lflgartthmi  of 

Lofarithms  of 

a 

h 

c 

i 

a' 

h' 

c* 

d' 

loot 

-8,4667 

—8-8143 

+0.5493 

+8.oa37 

^6.8797 

—9.1696 

+  0-9147 

— 9. 960 J 

I003 

8,4363 

8.7845 

o.48oa 

—  7.0439 

— 9 . 6726 

+8.2187 

0.9143 

9 

9602 

[oo3 

8.5648 

8.9148 
8.8167; 

0.2929 

—8.3921 

—9,9708 

+9-4378 

0.9137 

9 

9605 

ioo4 

8.4665, 

o*4ti9 

—8.0367 

—9.8706 

+9.1605 

0.9125 

9 

9605 

ioo5, 

8.4357 

8.7953 

0,4494 

— 7*7469 

-9.7870 

+8.9137 

0.9047 

9 

.9631 

too6 

6.85o6 

9.3196 

8.8731 

0*7856 

+8.8177 
+  8.3667 

+  9-8374 

— 9.5676 

0.9026 

9 

9625 

1007 

8.5087 

0,5943 

+9.3307 

—9.3564 

0.9007 

9 

9628 

1008 

8.4759 

d.84o4 

+0,5706 

+a.i46o 

+8.6637 

—9.2684 

0.9005 

9 

9629 

^^ 

1009 

8.8619 

Q.2357 
a.  7886 

^9.1841, 

-8,8334 

—0 .  0066 

+9.5610 
— 8.i3a5 

0.8938 

9 

9643 

^^^1 

lOIO 

8.4139 

+0*4933 

+6*9567 

—9*6037 

0,8919 

9 

9644 

1  ^^ 

ion 

8.4187 

S*7957; 

o,5i77 

+7»66q4 
-8.37S9 

—9.4196 

-8.8385 

0*8900 

9 

9648 

■ 

I0I3 

8.5443 

8.9231 

0.2856 

—9-9754 

+9-4179 

0.8884 

9 

965o 

^1 

EOl3 

8.7174 

9.0986 

0.7213 

+8*6576  ; 

+9.7721 

^9.5244 

0.8864 

9 

9654 

^^H 

toi4 

8.8342 

9.2334 

0.7967 

+8.8o36 

+9,85oi 

—9.5390 

0.8718 

9 

9678 

^^^1 

totS 

8.4i37 

8.8t33 

0*5392 

+  7.8905 

— 9.i3a3 

— 9 . 0463 

0.8715 

9 

9679 

^^H 

IOI6 

8.5697 

8.9781 

0.2Il3 

—8,4490 

—9.9951 

+9.4401 

o.863o 

9- 

9693 

;    J 

IOI7 

8.45io 

8.8648 

0*3607; 

-8*1738 

—9.9351 

+9.2789: 

0.8584 

9. 

9699 
9708 

^^^M 

[018 

a. 6593 

9.0799 
8*9061 
8,8oi2 

0.7103 

+8.5912 

+9.7593 

— 9.4820 

0.8533 

9- 

^^^M 

1019 

8.4do3 

o.3ii6 

— 8-3811 

—9.9676 

+9-3464 

0.8478, 

9- 

9714 

^^^M 

IO30 

8.3702 

0.4587 

-7*5578 

—9,7583 

+8,7287 

0.8433 

9^ 

9730 

^H 

I02I 

a.73o5 

o*j688 
8.8787 

9.5935 

—8.6874 

—0.0149 

+9.4915 

0.8368 

9- 

9739 

W 

102  3 

8.4371 

0.5933 

+8.I848 

+9.3213 

—9-2794 

0.8339 

9' 

9733 

^M 

102  3 

8.3572 

8.8o53 

0.519] 

+7*6i84 

— 9.406a 

^8.7871 

0.8282 

9* 

9740 

H 

t034 

6.45tt 

8*9003 

0*6073 

+8.2384 

+9.3698 

— 9.3122 

0.8272 

9- 

974a 

V 

toaS 

8.4485 

8.9004 

0,6071 

+8.2354 

+9.3698 

—9.3095 

0.8247 

9- 

9745 

1 

1026 

8.6095 
8.3455 

0.0631 

8.8027 

o*o5io 

-8.5333 

— o.oiiS 

+9.4449 

o.8a33 

9- 

9747 

1027 

o,463o 

—7.4619 

—9.7433 

+8.6343 

0.8201 

9- 

9750 

H 

I03d 

8*46q4 
8.46S9 

8.9289' 

0.6245 

+8.3958 

+9.4933 

—9.3433 

0.8180 

9- 

9753 

H 

1029 

8.9293 
8.8639 

0*6246 

+8.3933  j 

+9.4940 

—9.3388 

0.8147 

9- 

9757 

H 

to3o 

8,3949 

0.3688, 

-8. 0947 

—9.9294, 

+9.aofii 

o.8to5 

9- 

9769 

■ 

io3i 

8.4931 

8. 9603 

0.2437 

-8.35o8 

-9-993'> 

+9.3667, 

0.8103! 

9, 

976a 

■ 

io33 

8.5737 

9.o5o6 
a*ao36 

0*6931 

+8.4910 

+  9,7322 

—9.4175 

0.8024 

9- 

9771 

^>^l 

io33 

8.3244 

o.5o54 

+7.3367 

—9.5239 

— 8.5io4 

0.8004 

9^ 

9773 

1  ^^^1 

io34 

a. 3374 

a. 8087 

0.4529 

—7.5846 

—9.7771 

+8.7535 

0.7985 

9- 

9775 

^^H 

io35 

8.3894 

8.8730 

0.3576 

— 8*ii3i  ' 

—9 .  9400 

+9.S178 

0,7964 

9- 

9778 

■ 

£o36 

8.5357 

9.0317 
8.8098 

0,6769' 

+8.4376 

+9.6962 

—9.3940 

0*7943 

9 

9780 

^J 

to37 

8.3o47 

0.4555 

—7.5374 

—  9.7689 

+8.6974 

0.7769 

9 

9798 

I  ^^^^ 

io38 

8.5i55 

9,oa46 

0.6781 

+8.4178 

+  9.7005 

—9.3733 

0.7732 

9 

9801 

^^^1 

1039 

8.34i3 

8,8736 

o,36o8 

— 8.o55i 

—9-9384 

+9.1635! 

0.7530 

9 

9821 

^^^1 

io4o 

8.3530 

8.8871 

0,5948 

+8.0985 

+9.2438 

— 9.i937| 

0.7494 

9 

9833 

^^^ 

to4i 

8. 6495 

9.1863 
8.8871 

9*433o 

— 8.6o8o 

— 0.0238 

+9.4041 

0.7478 

9 

9834 

^M 

io4a 

8,3441 

0.3445 

—8.0893 

—9.9530 

+9.i65r 

+8.7745 

0.7431 

9 

9839 

^^^1 

1043 

8.3591 

8.6193 
8.9457 

0.4431 

—7.6096 

—9.8055 

0.7263 

9 

9841 

^^^1 

io44 

8.3639 

+o.63i3 

+8,1970 

+9*5354 

— 9.2370 

0,705 1 

9 

9657 

^^^1 

1045 

9.0976 

9.6S12 

— 0.8107 

—9.0937 

—0.0074 

+9.3983 

0.7044 

9 

9857 

^H 

to46 

8.34o3 

8. 8359 
9.047^ 

+0.5353 

+7.6681 

— 9.2011 

— 8.8a8o 

0.7024 

9 

9858 

J 

1047 

8.4587 

0.0949 

—8.370a 

— 0.0175 

+9.308  5 

0.6991! 

9 

9861 

^^^1 

£o48 

8.3ioo 

8 . 9o3o 

0.3373 

—8.0806  ' 

—9.9647 

+9.1639 

0.6955 

1     ^ 

9863 

^^^1 

to49 

8,3o46 

8.819a 

o.45o8 

—7,476a 

—9.7838 

+8.6445 

0.6753 

9 

9876 

^^^H 

loSo 

—8.2388 

—8,8595 

+0.5700 

+7.8864 

+8.6365;— 9. ot48 

+0,6694 

—9.9879 

■ 
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AuDiial 

iq5i 

SSjo 

Apodis, 
64  Herculis, 

( 

4 

k.     m.        M. 

17     6  23.89 
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56  44     5.1 

4*17 
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4.36 
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5845 
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V 

i\ 

la  23,58* 

3.371 

102   4l    23*4* 

4.M 
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5847 
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ik 

la  3o.o3 

3.067 

59    32    53*1 

4.03 

« 

io6t 

585o 

AnE, 

y 

3 

13  46,98 
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i46   i3  43.8 
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B 

31 

ra  48, 07* 
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ij4  5o  39,0* 
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io63 
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& 

3 
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4.966 
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5 

i4  E8.t4 

4-6i4 

t4o  29  35.9 
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S876 
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h 
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17  ia,69** 

3,660 

ii4     I  54.4* 

3,60 

lom 

5877 

Arm, 

d 

4 

17  34.5! 

5,390 

i5o  33     0.3 

3.80 

1067 

588 1 

45  Ophiuchi, 

d 

4 

17  46.77 

3.819 

119  43  32.9 

3.87 

to58 

5886 

p 

4 

18  30.68 

3.073 

53  43  45. 7 

3*59 

1069 

5893 

49  Ophiuchi, 

ff 

41 

19    4,47* 
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3,54 
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5899 
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a 

3 
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f39  45     0,5 

3.56 

1071 
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I? 

%\ 
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4*07^ 

137  10     5,6* 

3.5i 

1072 
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c' 

5 

aa  16.01* 
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ii3  5o  a8.3* 

3,3i 

1073 

5915 

3  5  Scorpii, 

A 

3 

33  23.90 

4.073 
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3,i4 

1074 

5922 

76  Herculii, 

% 

4i 

a4  4o,6i* 

3*431 

63  46  23. o* 

3.01 

1075 

5935 

Scorpii, 

@ 

3 

a6  32.80 

4.30I 

i33  53  45*6 

3.06 

1076 

5937 

93  DraeoniHt 

fi 

3i 

37    a.7a» 
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37  35     8.2* 

3.86 

1077 

5941 

55  Ophiuchi, 

a 

2 

27  58/35*! 
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77  19  36,0* 

3,98 

1078 

5949 

55  Serpentifl, 

f 

5 

38  59,96* 

39  13.33* 

3,433 

io5  17   56.1* 

3,75 

1079 

5950 

24  Dracottis, 

v» 

5 

1. 179 

34  43  4i.i* 

3.66 

1080 

5951 

25  Draconm, 

v' 

5 

39  I 8. 79* 
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34  43  33.7- 

3.67 

S081 
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f* 

5 

39  41.67 

3.259 

98     1    18*9 

3.63 

1082 

59^0 
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ff 

6 

3o     4.09 
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179    16    31 *9 

2.6r 

1083  5963 , 

PaTonia, 

n 

i\ 

3i     f.52 

5,863 

1 54  38  4o.o 

3.71 

ta84 

S970 

Scorpii, 

It 

3 

3a     7.07 

+4*i46 

128  56  47.4 

3.5l 

io85 

5972 

/ 

5 
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— o.a56 
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3*38 
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0 

l\ 
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5 
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ad  Draconia, 

u 

4 

37  5o.o3* 
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V 
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h 
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o.5i 

IXI3 

6x07 

Sagittarii, 

/ 

4 

55  36.54 

3.840 

1x9  34  53.0 
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X.O' 

xi38 

6353 

PaYonia, 

V 

5 

X7  3X.98 
X7  43. 5o* 

5.644 

x53  3x  55.6 
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xo4  39  83.9* 

i.T 

1x43 

628X 

33  Urss  Minoria, 

<J 

3 

— X9.393 

3  34  10. 0* 

X.8; 

tx44 

6383 

Teleacopii, 

d« 

5 

30  56.10 
ax  43.93* 

+  4.438 

x35  5x   x3.5 

X.7: 

1x45 

6389 

39  Draconia, 

b 

5 

4-  0.876 

3x   17     5.6* 

1.9. 

1x46 

6396 

Corone  Auat 

,  e 

5 

aa  47.97 
33  54. a5 

+  4.30X 

l38    84    58.3 

x.8< 

ii47 

6397 

43  Draconia, 

f 

5 

-  0.848 

x8  44  36.9 

2.0 

xx48 

63o3 

44  Draconia, 

X 

4i 

a3  45.53 

—  X.073 

X7  X9  59.x 

1.7 

1x49 

63x5 

PaYonia, 

c 

4 

a5  39.39 
x8  3o  33. o5 

+  7.045 

x6x  3a  44.6 

2.0 

ix5o 

635o 

Draconia, 

5 

+  X.360 

37  45  5x.o 

—2.6 

B^B^^ 

^ 

^^■^ 
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Ko. 

LdfftrttHOHOf 

Logarittuna  oT 

4t 

b        t        e 

d 

4' 

i' 

c' 

tt 

not 

— 7-5n7 

—8*9338 

+o.3ia6 

—7.3939 

—9.9780 

+8.3708 

+9.8908 

—9.9997 

tioa 

7.4394 

8.8830 

0.3658 

—7.1186 

—9.9381 

+8.3354 

9.8484 

9-9997 

iio3 

7.3359 

8.8a46 

0.499a 

+6.1438 

— 9.5670 

—  7.3180 

9.8133 

9.9998 

iio4 

7.3664 

8.8871 

o.36o3 

—7.0881 

—9,9434 

+  8.3008 

9.8014 

9.9998 

ijo5 

7.3199 

8.835o 

0.4725 

— 6.3o3i 

— 9.7068 

+  7-3779 

9.7970 

9.9998 

iio6 

7.5068 

9,0396 

o.t43o 

—7.4004 

— o.oaaa 

+8. 3706 

9.7793 
9.7784 

9.9998 

1107 

7.3006 

8.8343 

0.4774 

— 6.01 11 

—9,6855 

+  7.1867 

9.9998 

iioS 

7,3o35 

8.84a6 

0.4363 

—6.7636 

-9.8475 

+  7.9208 
— 8.36i6 

9.7630 

9.9998 

1 109 

7,5860 

9.J768 

0.761a 

+7.5385 

+9*8473 

9.7114 

9.9999 

IISO 

7.1743 

8.8383 

o.5i36 

+6.3371 

—9.4585 

—  7.4988 

9.6483 

9.9999 

tin 

7.3589 

9.0166 

0.6691 

+7.a438  ' 

+9.6889 

— 8.3371 

9.6444 

9.9999 

tna 

7.i83i 

6.8845 

o,583i 

+6.8765 

+9.0652 

—  7,9930 

9.6008 

9-9999 

tn3 

7.0979 

8.8533 

+0,4066 

— 6.6490 

— 9.881G 

+  7.7957 

9.5468 

9.9999 

ni4 

7.6946 

Q.4711 
8,8863 

— o.433o 

—7.6833 

— o.o3oa 

+  8.2123 

9.5357 

9.9999 

nt5 

7.no5 

+0.5861 

+6.8149 

+9.1309 

—  7.9^^7 

9.5245 

9.9999 

[1 16 

6.7914 

6.8343 

0.4768 

-5.4379 

-9.6793 

+  6.6136 

9.3693 

0 . 0000 

ni7 

7 . oo4o 

9.t46i 

0.7434 

+6.9481 

+9.8278 

— 7.8030 

9.1601 

0.0000 

f  1 18 

6.6710 

8.8799 
9,0033 

0.5793 

+6.3493 

+8.9786 

—7.4693 

9.0933 

0.0000 

ni9 

-6.53n 

0.1936 

— 6.4o53 

— o.oi55 

+  7.4o3o 

+8,83io 

0 . 0000 

1120 

+5.6169 

8. 9819 

0.6467 

—5.4736  1 

+9,6306 

+  6.4917 

—7.937a 

0 . 0000 

TI9I 

5.6480 

8.8300 

0.454a 

+5.0677 

—9.7737 

-6.3377 

8.3303 

0 . 0000 

naa 

6,9506, 

9.1681 
6.8810 

0.756a 

— 6.900S 

+9.8423 

+  7.7337 

9.0847 

0.0000 

na3 

6.7499 

0.3687 

+6.4319 

—9.9352 

—  7.5509 

9.1711 

0.0000 

Tia4 

7.1746 

8.8539 

0.5546 

— 6.7307 

—8.6543 

+  7.8767 

9.6327 

9.9999  : 

naS 

7.3290 

8.8934 

0,3533 

+7.0455 

—9.9498 

—  8.1539 

9.7386 

9-9998 

nae 

7.4339 

8,o3oa 
9.S836 

+0 .  6096 

—7.3113 

+9.4000 

+8.3009 
-8.6844 

9.8157 

9.9998 

1137 

8.3742 

— o.65i5 

+8.2675 

— o,035a 

9.9933 

9.9995 

1138 

8.2783 

9.5837 
6,6854 

-o.65i8 

+8. 27  J  6 

— 0 . 0249 

-8.6883 

9.997a 

9.9995 

1139 

7.5831 

+0.584I 

—7.3796 

+9.0846 

+8.3937 

9.9984 

9.9995 

n3o 

7.6773 

8.9447 

o.adaa 

+7.4931 

—9.9919 

—8.5477 

o.o34o 

9.9994 

n3i 

7.6183 

8,8638 

0.3919 

+  7.2341 

—9.9071 

—8.3696 

O.o56o 

9.9993 

n3a 

7.943X 
7.5960 

9,1868 
8.8337 

9.4642 

+7.8970 

—0.0366 

— 8.7095 

o.o568 

9.9993 

n33 

0.4968 

— 6.3o5o 

-9.5834 

+7.4805 

0.0737 

9.9991 

n34 

7.7000 

8.9068 

o,6oo5 

-7.45a6 

+9.3t53 

+8.5449 

0.0946 

9,999a 

n35 

7.7201 

8.9151 

o.3aa5 

+7.4893 

-9.9721 

—8.5733 

O.Z063 

9,9991 

n36 

7.8aao 

8.9815 

0.6488 

— 7.679a 

+9.6301 

+8.6967 
+8.754Q 
+8.8365 

o,i4i7 

9.9990 

n37 

7.8844 

9.0070 

0 . 6639 

-7.7633 

+9.6734 

0.1784 

9.9988 

n38 

8.0367 

9.1563 

0.7495 

—7.9841 

+9.8339 

o.i8i3 

9.9988 

n39 

7-8949 

9.0061 
8,8670 

0. i860 

+7.7730 

—0.0160 

-8.7656 

0.1897 

9.9987 

n4o 

7.7799 

0,5689 

-7.4139 

+8.5739 

+8.5455 

0,2137 

9 . 9986 

m4i 

7,936a 

6.9804 

0.6484 

—7.793a  ; 

+9.6183 

+8.8no 

0,3563 

9.998a 

n43 

7.7934 

8.8365 

+0.5339 

-7.1955 

—9.3348 

+8.3573 

o,35G3 

9.9983 

u43 

9.0061 

0.0487 

—1.2861 

+9.0054 

— 0 . 0086 

-8.9550 

o.358o 

9,9983 

n44 

7*9411 

8.9703 
9.1065 

+0-6476 

—7.7970 

+9,6i5a 

+8.8160 

0.3633 

9.998a 

n4S 

d.o845 

+9.9446 

+8.0163 

— o.o3r9 

—8,9078 

0.3763 

9.9981 

it46 

7.9537 

8.9535 
9.3i48 

+0.6331 

-7-7817 

+9,5451 

+8.8360 

0.3993 

9.9979 

n47 

d.3i6o 

-9.9203 

—0,0757 

+8.3933 

— o,o34i 

-8.9753 

o.3oi3 

9.9978 

n48 

8.3647 

9-3475 

+8.3445 

—0.0339 

-8.9947 

0.3171 

9.9977 

n49 

8.3687 

9.3308+0.8483 

-8.3458 

+9,9060 

+9.0333 

0.3475 

9.9973  ! 

nSo 

4-8.1601 

— 9.o33o+o,i335 

+8.o58i  1 

— 0.0309 

— 9.0313 

—0.4255 

-9.9961 

1 
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fl.A.C, 

CoDiteliatioD- 

Mm. 

JWL  1.  iS&u, 

AiJHii»l 

Narth  Polar  PliL, 
JtH.  1,  1650 

AnnuAl 
Vunalloa. 

itSi 

0353 

Pavonia, 

5 

18  3o  43.39 

+  5.937 

0         '         ^ 

i55     0    9.9 

—  3.70 

ii5tt 

6355 

3  Lyrffi, 

a 

I     1 

3i  5i.5e* 

3.o33 

5i   31   10.9* 

3.o€ 

m53 

636o 

PaTcmis, 

e 

5 

33  5t,5a 

S.8S8 

1 55  i3  3i.3 

3.80 

ii54 

636i 

fl  Aquilie, 

5 

34    3.69 

3.389 

99  tt  37.5 

3,97 

u55 

6371 

37  Ssifittarii, 

* 

4* 

36  16. 97* 

3.758 

117        8    33.3* 

3.i3 

ir56 

6383 

Pavonis, 

X 

5 

38  19.00 

5,630 

I  S3    31        1,9 

3.33 

1 1 57 

6387 

110  Hereulis, 

5 

39    13,47 

3.585 

69  35  36.3 

3,06 

liSd 

6390 

4  hyrm. 

f'  ; 

5 

39  33, 12* 

1.986 

5o    39       2.1* 

3.5o 

m59 

6391 

5  Lyra, 

r» 

5 

39  34.4e» 

1.988 

5o  32  38.1* 

3.5i 

1 160 

639a 

6  Lyrm, 

r 

5 

39  36.35 

ii«o64 

53  3s  53.4 

3.53 

ii6i 

6395 

46  Braconis, 

c 

5 

39  43. 4i* 

1.160 

34  36  39.0* 

3.46 

1 163 

Uo5 

ParoTiis^ 

ft 

5 

4i  aS.09 

6.a59 

167  a4  48-9 

3.53 

ii63 

6419 

Druconifl, 

5 

43  31.55 

1.339 

37   10  39.9 

3.77 

u64 

6439 

10  LyT«, 

0 

3 

44  33.5o» 

a,3i5 

56  48  So. 4* 

3,85 

u65 

6434 

33  Sagittarii, 

t^ 

5 

45     6.6S» 

3.637 

113  55  a5*9* 

3.93 

1166 

644o 

34  Sagittarii, 

e 

3 

45  57. 78* 

3.7*9 

116  aS  38.8* 

3,9a 

U67 

644i 

35  Sagittarii, 

P^ 

5 

46     a. 95* 

3.63a 

113  5i     9.8* 

4,0a 

1 168 

645a 

Draconia, 

5 

48  t3.oa 

1.349 

37  1 3  11. 1 

4.19 

1169 

6453 

n3  HetculiSj 

5 

AB  35.34 

3,535 

67  3a  39.0* 

4.37 

1 1 70 

646o 

63  Serpentia, 

m 

41 

48  45.58* 

3.983 

85  59  t4.i* 

4.34 

1171 

646i 

37  Sa^ittadi, 

e 

4 

48  46.64" 

3-583 

ill   17  55. o* 

4.34 

117a 

6462 

Serpentbtj 

5 

48  47*o4* 

a.g8a 
0.886 

85  59  19.7* 

4.36 

1173 

6463 

47  Draconia, 

d  ^ 

5 

48  58.86*i 

3o  47  37.8* 

4.25 

1 174 

6466 

13    LjTffi, 

d» 

5 

49  r5,63 

+  3.099 

53   17  18.3 

4-32 

1175 

6469 

Dracotiia, 

5 

49  28,83  j 

—  1,449 

t6     5  aa.i 

4.43 

1176 

6475 

i3  LyT», 

5 

So  46.i6«; 

+  1,835 

46  i4  56.7* 

4*41 

1177 

6478 

So  BraeoniSf 

5 

5i   10.70 

—  1 .901 

a  44  49.7 

4,46 

1178 

6487 

i3  AqoilR, 

E 

3i 

53  48.9I* 

+3.733 

75     7  53.9* 

4.48 

'179 

6489 

38  SagitUrii, 

C 

3i 

53     3.77* 

3.838 

ISO     5  20, S* 

4.57 

1 1  So 

649  J 

1 4  LyiK, 

7 

3 

53  30. 01 

3,244 

57  3o  45.3 

4.65 

|ii8i 

6496 

48  Draconiai 

5 

54  13, 66* 

1.018 

3a  33  57.5* 

4.63 

1182 

65  07 

3g  Sa^ittarii, 

0 

if  1 

55  4I.43' 

+3.600 

lu    57  31,  o* 

4.80 

|ii83 

65io 

5  3  Draconia, 

V 

5 

56  i3.oi» 

—0,708 

18  54  i5.o* 

4,93 

It  84 

65ii 

Coronw  Auat., 

r 

5 

56  16.73 

+4.073 
3.755 

137     16    33. t 

4,5o 

,11 85 

6531 

4o  Sa^ttarii, 

T 

4 

57  34.27* 

ti7  53     2.7* 

4.76 

1186 

6533 

Corontt  Auat., 

d 

5 

57  53.97 

4.184 

i3o  43  33.8 

4.87 

1187 

6536 

16  Aquil«t 

?L 

3 

58  17.35 

3.187 

95     6  10.8 

4.9S 

1183 

65a8 

17  Aquilffi, 

f 

3 

58  30.90* 

2 .  755 

76  31    19.9* 

5.01 

1189 

6535 

CoroniE  Auat, 

a 

4i 

59  1S.91 

4,098 

128     7  54.4 

4.97 

1 190 

654i 

CoTon®  Auat,, 

fi 

5 

59  4^*46 

4.143 

139  34  33.6 

5.0a 

1191 

6548 

4 1  Sagittaiii, 

w 

4t 

19     0  So. 33* 

3.575 

III    i5  34.4* 

5.37 

119a 

6564 

20  Aquil®, 

5 

4  3a. 4o* 

3.a6o 

98   11     7.6* 

5,59 

1 193 

6575 

4^  Sagittaiii, 

V' 

^ 

6  ao.44 

3.687 

ii5  3o  33.8 

5.74 

n94 

658t 

%Q  hy'mi 

V 

5 

8  39. ai 

3.043 

Si     6  33.7 

^•97 

1195 

6583 

53  DjTUSonia, 

5 

8  5o.o9* 

j.i36 

33  a3  4i.3* 

5.98 

1 1 96 

6584 

43  Sagittarii, 

d 

5 

8  5r.39* 

3.519 

100    13    53.3* 

68  Sa  11,9 

5.98 

1197 

6589 

1  VvilpeeulE, 

5 

9  46, 18 

2.58i 

6.07 

1198 

6595 

s5  Aquil«, 

a 

5 

10  46,70 

3.818 

78  4o  i3.i  ' 

6.16 

1199 

6599 

at  Lyr«j 

9 

5 

II     9.66* 

a.  080 

53     7  So.o* 

6.i3 

1200 

6601 

54  DracQnis, 

5 

19  tt   14.33* 

+1.079 

3a  33     8.7* 

^  6.06 
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No. 

LofBrttlumior                               1 

a 

b 

e 

d 

a'     I     r 

^ 

d' 

tiSt 

+8.  3240 

—9 .1941 

+0.7718 

—8.2813 

+9.6543 

+  9.0833 

— o.4a82 

—9.9961 

uSa 

8 . 0729 

8.9270 

o.3o36|+7.B685 

—9,9811 

—8,9372 

0.4439 

9.9958 

ii53 

8.3696 

9.1969 
8,8247 

0.7735 

—8.3276 

+9.8550 

+9*1260 

0.4701 

9.9953 

ii54 
1 1 55 

8 , 0000 

o.5i65 

—7.2034 

—9.4320 

+  8.3739 

0.4727 

9,9952 

8.0723 

6. 8691 

0.5737 

-7.7314 

+8.8082 

+8.8569 

0 . 5ooo 

9.9945 

u56 

8.3785 

9.i5z3 
8.8457 

0.7472 

-8.3259 

+9-6274 

+9,1685 

0.5234 

9.9939 

ii57, 

8.i>83i 

0.4117 

+  7.6256 

—9.8752 

-8,7735 

0.5333 

9.9936 

ii5d 

8.1695 

8.9303 

0.2976 

+7.9731 

—9.9830 

— 9.0365 

o.535i 

9.9936 

tiSg 

8.1695 

8.9298 

0.2981 

+7,9727 

-9.9829 

—9.0364 

0.5355 

9.9936 

1 1 60 

8.J596 

8.9177 

o,3i42 

+7.9436 

—9.9747 

—9.0194 

0*5376 

9.9935 

1161 

d.3o63 

9.o63o 

0.06 54 

+8.2217 

—0.034a 

—9.1521 

0.5389 

9.9934 

1163 

8 . 4947 

9.2324 

0.7947 

— 8,46oo 

+9.8701 

+9.2205 

0.5574 

9.9929 

u63 

8.3170 

9.0349 

0.1268 

+8,2183 

— 0.0190 

-9.1757 

0,5765 

9.9923 

n64 

8.1871 

8.8930 

0 . 3449 

+7.9^55 

—9.95^ 

—9.0242 

o,588] 

9.9918 

ii65 

8.r5io 

8.8512 

0.5593 

-7-74i5 

—8.2480 

+8.88x8 

0.5935 

9.9915 

11 66 

8,1714 

8.8632 

0.5709 

— 7.8ao5 

+8,6857 
—8.2878 

+8.9465 
+8.8893 

o.6ox5 

9.991a 

1167 

8.1595 

8.85o6 

0.5590 

-7.7488  , 

o.6oa3 

9.9.;i2 

u68 

'     8.3631 

9.0326 

0. i3oi 

+8.2633 

— 0.0176 

— 9*2309 

0.6220 

9.9903 

1 169 

8.1798 

8.8484 

o.4o33 

+7.7619 

—9.8890 

-8.9037 

o.6a3e 

9.9903 

1170 

8.1496 

8.8t5i 

0,4741 

+6,9946 

— 9.7001 

—8.1696 

0.6269 

1     9-9901 

1171 

8.1794 

8.8447 

0.5539 

—7.7396 

—8.6939 

+8.8849 

0.6270 

9.9901 

1172 

8.1498 

8.8i5i 

0.4741 

+6.9947 

—9.7001 

—8.1697 

0.6270 

9.9901 

U73 

8.4412 

9,1047 

9-9436 

+8.3753 

— 0.0260 

—9.2606 

0.6288 

9 , 9900 

1174 

8.2489 

8.9098 

+o.3at5 

+8. 0254 

-9,9694 

—9.1055 

o.63i2 

9.9899 

..75 

8.7131 

9.3710 

-9.1635 

+8.6947 

— 0.0248 

-9.3i35 

0.6331 

9,9898 

1176 

8.3070 

8.9544 

+0.3605 

+8.I468 

— 9,9948 

-9.1817 

o.644i 

9,9893 

1177 

8.7634 

9.4073 

—0.2747 

+8.7489 

— 0.0236 

—9.3307 

0,6475 

9.5891 

1178 

8.1974 

8.8271 

+0.4354 

+  7.6067 

—9.8256 

—8.7680 

0.6610 

9.9884 

1179 

8.2475 

8.8750 

0.5826 

—7*9477 ; 

+g.o5i2 

+9.0609 

o.663o 

9.988  J 

1 180 

8,2607 

8.8860 

0.3507 

+  7.9908 

—9.9488 

—9.0930 

0.665I 

9.988": 

1181 

8.4649 

9,0838 

0 . 009 1 

+8.3915 

— 0.0226 

— 9.2965 
+8,9541 

0.6731 

9.9877 

ti6a 

8,2379 

8.8437 

+0.5555 

—  7.8107 

—8.5977 

o,6835 

9,9871 

ti83 

8,6987 

9 . 3 003 
8,0099 
8,8637| 

—9.8553 

+8.6746 

— o,oa46 

—9.3613 

0,6876 

9.9868 

II 84 

8.3089 

+0.6083 

— 8.0911 

+9.3840 

+9*1680, 

0.6880 

9.9868 

tt85 

8.2730 

0.5747 

-7*9439 

+8.84i4 

+9.0654 

0.6977 

9.9862 

1186 

8.3432 

8.9303 

0.6217 

—8.1567 

+9.4812 

+9.2124 

0,7001 

9.9860 

U87 

8.3363 

8.8ti4 

o.5o33 

-7.1755 

—9.5393 

+8.3498 

0.7029 

9.9858 

u88 

8.2387 

8.8330 

o.44o4| 

+7,6114 

—9.8129 

--8.7751 

0,7046 

9*9857 

1189 

8,3359 

8.9135 

0.6112 

-8.1266 

+9.4074 

+9.1984 

0,7100 

9,9853 

1190 

8.3479 

8,9321 

0.6168 

—8.1521 

+9.4489 

+9.3i5i 

0.7131 

9.9861 

1191 

8.2734 

8.8390, 

0.5530 

—7.8328 

—8.7372 

+8.9783 

0.7211 

9.9845 

(193 

8*2733 

8.8109 

o.5t26 

-7.4a57 

-9.4664 

+8.5973 
+9.0897 

0,7461 

9.9835    i 

1 193 

8.3240 

8.85oo 

o*566i 

-7.9561 

+  8.3223 

0,7577 

9.9816 

1194 

8.4027 

8*9i3o 

0,3097 

+8.2006 

—9.9721 

—9.2678 

0.7722 

9.9802 

1195 

8.5543 

9,0633 

0.0543 

+8.47S9 

— o.oi55 

-9.3927 

0.7733 

9.9801 

1196 

8.3300 

8.8289 

o,546o 

-7.8374 

—8.9796 

+8.9886 

0.7734 

9.9801 

1 197 

8. 3309 

8.8337 

o.4tts 

+  7.8878 

-9.8743 

—9.0337 

0.7790 

9.9796 

1 1 93 

8.3i53 

8.8it4 

0.4495, 

+7.6085 

-9.7873 

—8,7761 

0.7850 

9.9790 

"99 

8,4n7 

8,9053 

0.3182 

+8.1998 

—9.9671  —9.3731 

0.7873 

9.9787 

1 300 

+8.5786 

—9,0718 

+0.033I 

+8,5o44 

— o.oi54  — 9,41 1 3 

—0.7878 

—9.9787 
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Catalogue 

OF   1600 

Stars. 

m 

,   No, 

B.AX. 

Umg. 

Kff  ht  Aadenalciii, 
Jan.  1.  1850. 

Anniul 

Nofftb  Potftf  Di«t,, 
Jul.  1,  1650. 

1    Anniiftl 
1  Vari&cioD. 

i2d] 

1203 

I30^ 
I205 

6608 
6610 
6612 
6619 
6623  1 

Sagittarii, 

Sagittarii, 

57  Draconis, 

44  Sagjttarii, 

Sagittarii, 

13^ 
6 
a 

4 
3 
5 
4 

19  ir   5o.53 

13    31 .93 

13  3o.45*| 
13  58,i8« 
i3  39.33 

4*4.328 
4. 33  J 

o,o4j 
3.489 

4.179 

l34  44      8.0 
i35    4  36.4 
33  36     8. 3* 
108     7  38.7* 
i3o  53  34.4 

-    5.99 

6.o3 
6.3i 
6.34 
6,06 

^^^^ 

1 3  06 
1207 
I308 

1309 

T3I0 

6623 
6644 
6646 
6649 
665o  1 

1   Cygni, 
3 1   Aqui]iE| 
3o  Aquil®, 

Telescopii, 
60  Dmconia» 

K 
& 

T 

4    1 

5 

3f 

4 

41 

i3  37.94* 
17  49.06* 

17  56. o5* 
t8  33.67 

18  34<87 

1,389 
2.665 
3.037 

+4*9°* 
—1.096 

36  54  33.9* 
78  33   18.3 
87  JO  48,6* 
145  s4  42.3 
16  55  30.9 

6.42 
7.37 
6.80 
6.53 
6.81 

1211 
1313 
I2l3 

iai4 

t3l5 

6662 
6674 
6690 
6697 
6701 

58  Draconis, 
6  VuJpeculae, 
6  Cygni, 
10  Cygni, 
38  Aqtiil®, 

a 

4 
4 

3 
5 
4* 

19  53.25* 
22  37.88 

34  40.37* 

35  55.37* 

36  45.67* 

4-o.33a 
2.495 
2.420 
1.5x6 
a. 934 

24  34  26.3* 
65  38     6.3* 
6a  31     7.2* 
38  35   17.5* 
82  56     8.4* 

6,87 
6.97 
7.26 

7.47 
7.3a 

1 31 6 

1217 

t2t8 

1219 

[320 

6703 
6706 
6713 
6715 
6729 

37  Aquilff, 
53  Sagittarii, 
39  Aquilffi, 
4r  Aquite, 
44  Aquilc, 

it 

A" 

X 

I 

5 

4k 

4 

5 

5 

36  5i.35 

27  34.39* 
38  49.34 

28  57.70 
3i  47.36* 

3.3i3 
3.663 
3.a33 
3,111 
2 .  965 

roo  53  59.9 

ii5   13  33.7* 

97  21  33.0 

91   36  53.7 

84  56  34.7* 

7.41 
7.48 
7.60 
7,60 
7.83 

1331 
1332 

1223 
1334 
1335 

6734 
6735 
6739 
6740 
6742 

i3  Cygni, 

61  Draconja* 
5  SagittK, 
13  Cy^i, 
55  Sagittarii, 

6 
a 

4 
5 
4 
4 
5 

33  35. i8* 
33  38,53* 
33  23, 61 
33  27.16 
33  56,10* 

4-1. 611 

—0,107 

+3.685 

2.368 

3 .440 

4o    7  27.6* 
so  35  38.1*- 
73   19  36,6 

60    II    32.3 

106  38   i3.8* 

8.08 
6.06 
7,98 
8.01 
8.o3 

taa6 

1337 

1338 
1339 

ia3o 

6744 
6748 
6771 

677a 
6779 

6  Sagitt«, 

Cygni, 
i5  Cygni, 
5o  Aquilc, 
18  Cygni, 

7 
6 

5 
5 

5 
3 
H 

34  18.82 

35  18. i5 

38  5s. 09 

39  7,67* 

40  17.23* 

2.697 
1.348 
2.166 
a. 857 
1.876 

73  5a     i«3 
35  22  34.5 
53     0  16.7 
79  44  54.7* 
45   i3  58,7* 

8.o4 
8.10 

8.47 
8.43 
6.5o 

I33l 
1332 

1233 
1334 
1235 

6780 
6783 
6764 
6794 
6801 

Cygni, 

7  Sagitt», 
17  Cygni, 

8  SagittEB, 
PavoniB, 

6 
X 

C 

E 

5 

4 
5 
5 
4    1 

4o  17.99 
4o  42.16 
4o  44*00 
4a  19.33 
43    6.80 

i.i58 
a.  684 
a. 275 
a.  668 
7.094 

32  ao  2a*i 

71  49  54.7 

56  37     4.1 

71   i3  48.0 

i63  17  48.4 

8.5o 
8.58 
8.03 
8.73 
8.64 

1336 

1337 
1338 
1339 

68o3 
6Sn 
6812 
6817 
6835 

53  Aquilip, 
55  Aqiiilm, 
Sagittarii, 
Cygni, 
59  Aquilai, 

a 

I 

4 
4i 
5 
5 

43  27.78* 

44  49.86 

44  54.98 

45  38.47* 

46  58.67* 

2.925 
3.060 
4.1791 
3.o58 

3«9I3 

81   3i   26.3* 
89  22  3i.6 
[33    1 5  36.6 
49  46  45,0* 
61   55  33.2* 

9.13 
8.83 
8.83 
8.91 
8.97 

I24l 
1342 

1343 
1344 
1345 

6927 
6332 
6S33 
6B49 
685i 

J  3  Vulpeculffi, 

59  Sagittarii, 

60  Aqiiilae, 
33  Cygni, 
31  Cygni, 

n 

5 

5 

3* 

5 

5 

47     5.23 
47  44.09* 
47  56.66* 
5o  30it9 
5o  4t.io 

3.553 

3.696 

a. 953 
9.144 
s.a53 

66  18  28.5 
117  33  44*7* 
83  57  5i.5* 
5i   54  33.9 
55  18  47.0 

9.11 

in 

9.3o 
9.27 

1346 

1347 
1248 
1349 
is5o 

6857 
6858 
6866 
6870 
6873 

Cygni, 

13  8agitt«, 

1 4  VulfieciiliE, 
6a  Sagrittarii, 

Pavonia, 

7 

t 

6 

5 

41 

5 

4i 

4 

5a     1 .  19 

53       5.32 

52  44.48 

53  25.57* 
19  53  56.99 

8.081 
8.669 
8.576 
3.705 
+5.969 

5o     I   58.3 

70  54  4i»o 

67  18  16.4 

118    7  19.1* 

t56  33  18. 1 

9.42 
9.5o 
9.45 
9.58 
—  8.5o 

^^ 

^ 
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mm. 

Loguiibnu  of 

Lofiflttuiu  or                             1 

n 

t 

!       ^ 

d 

fl' 

h^ 

^' 

ir 

ISO  I 

1 903 
130$ 

iso4 

I305 

+S.46i5 
8.4671 
8, 73a I 
8.3416 
8.444a 

— 8,9507 
8.9530 
9,3171 
8.8a36 
8.9337 

+0.6366 
o.638o 
8.3673 
0.5434 
0.6301 

—8.3090 
-8,3173 
+  8.6974 
-7.8345 
— 8.3600 

+9.5578 

+9.5643 
—0.0188 
—9,0683 
+9.4673 

+  9.3365 
+9.3433 
—9.4583 
+8. 9885 
+9.3i4e 

-0.7913 
0.7943 
0.7953 
0.7978 
0.8008 

^9.9783 
9.9780 

9*9779 
9.9776 
9.9773 

I2o§ 
1307 
f203 

tso9 

fSIO 

8*5446 
8.3555 
8.3476 
8.S954 
8.8855 

9 , 0336 
8.8074 
8,7988 
9.0439 
9.3339 

o.i4o4 

0.4489 

0.4784 

+0.6900 

— 0.0387 

+  8.4477 
+  7.6599 
+  7.0395 
—  9.5no 
+8.8663 

— o.oo83 
— 9.7S90 
—9,6811 
+9,7335 
^o.oiiB 

— 9.4oa3 
—8,8269 
-e.3i5i 
+9.4411 
—9.5065 

0.8016 
o.8a4S 
o.8a54 
0.8378 
0.8379 

9.9773 

9-9745 
9-9744 
9.9741 
9.9741 

tail 

iai3 

1315 

8,7334 
8.41U 
S.434S2 
5.5936 
8.3949 

9.1780, 
8.8357 
8.846a 
8.9977 
8,7953 

+9.5088 
0.398O 
0.3834 
0.1794 
0.4649 

+8,6973 
+8.0366 
+8.1 008 
+8.4856 
+  7-4849 

— o,oi5o 
—9.8939 
—9.9133 

— 9'999« 
-9.7364 

-9.49^3, 
—9.1631 
—9.3343 
-9.4567 
-8.6576 

0.8357 
0.84S9 
0.8599 
0.8659 
0.8699 

9-9731 

9.9713 
9.9697 
9.96S7 
9.9681 

I3r6 

I3I7 
I3ld 
1319 
t23C» 

8-4(KH) 

8.4390 

8.4049 

8.4oai 
84166 

8 ! 8349 
8.7940 
8.7905 
8.7898! 

0.5198 
0.5628 
0,5093 
0.49^1 
0.47*5 

-7.67^0 
— 8.0683 
— 7.5ia3 
-6.S53I 
+  7.36ao 

-9.3993 
+  7.4i5o 
—9,4940 
—9.6103 
—9.7105 

+8.8443 
+9.3009 
+8.6848 
+8.0380' 
-8.5364 

0.8704 

0.8738 
0.8796 
o.88o3 
0.893a 

9,9680 
9.9675 
9.9665 
9 . 9664 
9 . 9643 

1 33 1 
t1l33 
1333 

1135 

8.6o85 
8.87^4 
8.4430 
8.4839 
8.4435 

8. 9784 
9.3413 
8.8078 
8.8484 
8.8o46 

+0.3073 

—9.30a  3 

+o.4aai 

0.3743 

0.5357 

+  8.4919 
+8.8437 
+  7.9353 
+  8.1803 
--7.8951 

■^9.9936, 
— o,ooS8 
—9 .  94o3 
—9.9306 
-9.1937 

—9,477a 
-9.5660! 
—9.0803 
-9.3948 
+9.o53o 

0.8960 
0.8969 
0.9003 
0.9005 
0,9037 

9.9637 
9.963s 
9.9639 
9 . 9639 
9.9635 

1S36 
1337 
l3ilS 
1339 

[33o 

8.4457 
8.6676 
8.5439 
8,4533 
8.5998 

8.8o58 
9 .  01&36 
8.8798 
8. 7890 
8.9397 

o.43o3 
0.1397 
0.3336 
0.4550 
0.3717 

+  7.9149 
+8.5790 
+8.3333 
+7.7036 
+8.4473 

—9.8355 
—9.9987 
^9,g5io 
—9.7698 
-9.9759 

—9.0713 
—9.5177 
—9.4007 
—8.8737 
-9.4748 

0.9043 
0.9086 
0.9335 
0.9346 
0.9393 

9.9631 
9,9613 

9.9533 
9.9580 
9,9570 

I33l 

taSa 
1333 

1334 
1335 

8,7338 

8,4749 
8.53II 
S.4839j 
9 . 0039 

9.0536 
8.8038 
8.8588 
8.8038 
9.3198 

0.0637 
0.4371 
0.3567 
o.435o 
o.85o3 

+  8.6496 
+  7.9688 
+  8.3717 
+7.9905 
— 8*985a 

—9.9989 
—9,8417 

^9.9347 
-9.8458 
+9.8679 

-9.5540 

-9,' 3695 
—9.1438 
+9.6198 

0.9294 
o.gSio 
0.9311 
0.9375 
0.9407 

9.9570 
9.9567 
9.9566 
9.955a 
9.954s 

1336 

ia37 
1333 
1339 

t34o 

8.4684 
8.4690 
8 . 6000 
8.5886; 
3.48i5 

8.7838 
8.7768 
8,9074 
8.8934 
8. 7791 

0.461 1 
0.4854 
0.6191 
o.3t34 
o.46a6 

+7.6369 
+6.5o64 
-8,4^77 
+  8.3986 
+  7,6393 

-9.7496 
—9.6471 
+9.45o3 
—9,9590 
-9.7445, 

-8.8o0a 
-7.68a4 

+9^731 
-9.4576 
— 8.8oog 

0.9430 

0,9473 
0.9476 

0,9497 
0,9555 

9.954a  1 

9.9539 

9.9538 

9.9533 

9.9509 

I34t 

1343 
1343: 

1344 
1345 

8.5i58 
8,5333 
8.4833 
8.5943 
8.57S8 

8.81991 
8,8364 
8,7763 
8.8754 
8. 856 I 

0.4060 
0.5673, 
0.4690 
o.33o8 
o.35a4 

+8.1198 
—8.1976 
+7.5o5o 

+8.3844 
+8.33IO  1 

—9.8786 
+8. 4440 
—9.7204 
—9.9485 
-9.9349 

-9*3577 
+  g.33l4 
—8.6787 
-9.4565 
-9.4331 

0.9559 
0.9583 
0.9591 
0.9685 
0.9691 

9.9508 
9.9501 
9,9499 
9-9474 
9.9473 

1346 

ia47 
1348 
1349 
tsSo 

8.6111 
8.5ao4 
8.533a' 
8.555J 
+8.9037 

a. 8854 
8.7943 
8,8o4i 
8.8a3o 
—9.1681 

0.3183 

o.435a 

o.4n3 

0.5681 

+0.7630 

+  8.4189 
+8.o35o 
+  8.1196 
-8.3385 
-8.8653 

—9,9541 
-9.8444 
—9.8695 
+8.5o65 
+9.8019 

—9.4795 
-9.1865 
—9.3606 
+9.3500 
+9.64n 

0,9739 

0*9741 

0,9765; 

0,9789 

—0.9807 

9,9459 

9-9459 

9.9453 

9.9445 

— 9.944<> 

Ff 
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No. 

B.A.C. 

M8f. 

Right  Awsenalon, 
Jam.  1,  1850. 

Anniul 
VarUoion. 

Nortb  Polar  Dist., 
Jan.  1, 1850. 

Annual 
Variation 

k.    m.        9. 

«. 

0           /              /' 

f* 

I25l 

6877 

Sagittarii, 
1 5   Vulpeculas, 

5 

19  54  48.47* 

+  3.84o 

122    28    22.1* 

-   9.5- 

1252 

6879 

5 

54  55.40* 

2.469 

62    39    28.0* 

9.7 

1253 

6882 

Vulpeculae, 

5 

55  23.47 

a.  543 

65  36  44.2 

9.7 

1254 

6905 

64  Draconis, 

e 

5 

59  52.4i 

o.65i 

25  35  54.4 

10. o< 

1255 

6926 

67  Draconis, 

P 

4 

20    2    7.69* 

o.3oo 

22  33  i4.i* 

10.2 

1256 

6932 

66  Draconis, 

5 

3    9.17* 

0.964 

28  26  19.7* 

10.3 

1257 

6934 

65  Aquilae, 

e 

3i 

3  33.76* 

3.io3 

91   i5  44.8* 
53  35  56.7* 

10.3 

1258 

6937 

28  Cygni, 

h^ 

5 

3  5i.43* 

2.228 

10.4 

1259 

6952 

67  Aquilae, 

P 

5 

7  20.25 

2.779 

75  i5  21.9 

10.61 

1260 

6959 

Cygni, 

5 

8  21.19 

1. 671 

38  59  10. 0 

10.6 

1261 

6965 

3i  Cymi, 
VulpeculaB, 

o" 

4 

8  54.58* 

1.890 

43  42  4o.6* 

10.7 

1262 

6966 

5 

8  54.68 

a.54o 

64  5i  43.2 

10.7. 

1263 

6972 

5  Capricorni, 
23  Vulpeculae, 

a» 

4 

9  19.76* 

3.334 

102  58    4.0* 

10.7 

1264 

6973 

4i 

9  33.36 

2.485 

62  38  32.4 

10. a 

1265 

6974 

6  Capricorni, 

fl" 

3 

9  43.67* 

3.339 

io3     0  20.7* 

10.7. 

1266 

6976 

33  Cygni, 

4i 

9  54.48* 

i.4oi 

33  53  23. 0* 

10.8 

1267 

6979 

24  Vulpeculae, 

5 

10  22.11 

2.569 

65  47  14.0 

10.8 

1268 

6983 

32  Cygni, 

4i 

10  49.97* 
12  20. 3o* 

1.854 

42  44  39.2* 

10.8 

1269 

6991 

8  Capricorni, 

V 

5 

3.337 

io3  i3  36.7* 

10.9 

1270 

6995 

9  Capricorni, 

(3 

3i 

12  34.69* 

+  3.38o 

io5  i5     3.4* 

II. 0 

1271 

6999 

UrsK  Minoris 

,  ^ 

5 

i3     1.76* 

—53.184 

I     8  22.0* 

II  .0 

1272 

7004 

Pavonis, 

a 

2 

i3  45.03 

4-  4.807 

147  12  35.3 

II.O 

1273 

7005 

I  Cephei, 

K 

4i 

i3  5o.39* 

-  1.862 

12  u  34.7* 

II. 0 

1274 

7022 

37  Cygni, 

7 

3 

16  5o.8i* 

+  2.153 

5o  i3  i5.4* 

II. 3. 

1275 

7027 

Cygni, 

5 

17  25.78 

2.126 

49  27     4.6 

11.3 

1276 

7029 

39  Cygni, 

5 

17    52.25 

2.395 

58  17  26.5 

ii.4< 

1277 

703 1 

10  Capricorni, 

IT 

5 

18  43.79* 

3.446 

108  4i  57.1* 

II. 4 

1278 

7042 

II  Capricorni, 

P 

5 

20  17.88* 

3.433 

108  18  19.4* 

II. 5 

1279 

7o58 

69  Aquilae, 

5 

21  48.62 

3.145 

93  22  49.1 

II. 6 

1280 

7067 

4 1  Cygni, 

4i 

23  15.99 

2.45o 

60    7  46.2 

II. 7 

1281 

7085 

45  Cygni, 
2  Delphini, 

<J* 

5 

25  24.79 

1.858 

4i  33     2.5 

II. 9 

1282 

7088 

e 

4 

26     2.66* 

2.868 

79  12  II. 2* 

II. 9 

1283 

7091 

46  Cyffni,  . 

L>* 

5 

26  40.95 

i.85i 

4i  17     1-5 

II. 9 

1284 

7096 

Indi, 

a 

3 

26  59.94 

4.a64 

137  48  34.0 

12.0' 

1285 

7098 

2  Cephei, 

e 

5 

27     3.34* 

1.020 

27  3o  32.1* 

11.9^ 

1286 

7106 

Pavonis, 

V 

5 

28     7.79 

5.642 

157  17     0.3 

II. 9 

1287 

7107 

4  Delphini, 

f 

5 

28  17.73* 

2.807 

75  5o  23.9* 

12. I 

1288 

7121 

6  Delphini, 

/? 

4 

3o  30.86* 

2.8i3 

75  55  25. 0* 

12.2 

1289 

7122 

71  Aquilae, 

5 

3o  35.24* 

3.104 

91  37  3i.i 

12.2 

1290 

7129 

Pavonis, 

13 

3 

3i  22.68 

5.524 

i56  44     9.6 

12.2 

1291 

7134 

1 5  Capricorni, 
8  Delphini, 

V 

5 

3i   30.26* 

3.426 

108  39  45.9* 

12.3 

1292 

7137 

e 

4i 

3i  39.29 
32  40.26* 

2.833 

77  12  26.7 

12.3 

1293 

7149 

9  Delphini, 

a 

3i 

2.791 

74  36  49.4* 

12.4 

1294 

7x65 

Pavonis, 

a 

4i 

35     o.5i 

5.823 

159  19     1.5 

12.6 

1295 

7171 

5o  Cygni, 

a 

I 

36  19.12* 

2.044 

45  i5  12.4* 

12.6 

1296 

7173 

II  Delphini, 

<J 

4 

36  27.50* 

2.804 

75  27  36.8 

12.6 

1297 

7177 

16  Capricorni, 

V* 

4i 

37  12. 3i* 

+  3.570 

ii5  48  21.7* 

12.5 

1298 

7178 

75  Draconis, 

5i 

37    25.20* 

—  3.382 

9     5  41.9* 

12.7 

1299 

7184 

XJrsBB  Minoris 

> 

5 

37  47.97 

—41.226 

I  20    4.6 

12.7 

i3oo 

7196 

2  Aquarii, 

e 

4i 

20  39  33. i3* 

+  3.259 

XOO      8    28.6* 

—  12.8 

Il 
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9 

No- 

Lotaii 

Itifiis  of                               1 

Logarithnw  of                              ] 

a 

b 

e 

d 

1        «' 

b' 

c' 

d' 

I3S3 
1354 
1355 

4-8.5793 
8.5573 
8.54B0 
8*8869 
8,9460 

— 8.84o8 
8.8i83 
8.8070 
9.1360 
9.1753 

+0,5817 
0.3917 
o.4o48 
9.8149: 
9.4738 

—  8.3091 
+  8.2193 

+  8.1638  1 

+8.8421 

+8.9114 

+9.0304 
—9.8967 
—9.8790 
—9.9863 
—9.9831 

+9.4114 
—9,3440 
—9.2993 
-9.6537 
-9.G713 

-0.9837 
0.9841 
0.9857 
1,0008 
1,0081 

—9.9431 

9.9439 

9.9435 
9.9377 
9.9352 

t356 
1357 
I35S 

8.8553 
6.5345 
8.6296 
8.5607 
6,75o5 

9,0801 
8.7576 
d.85i4 
8.7677 
8.9532 

9.9776 
0.4908 
0.3474; 
0.4438 

O.333o 

+8.7994 
=^6.8775 
+8.4o3o 
+  7.9663 
+8.64IO 

—9.983s 
—9.6181 
—9.9336 
—9.8034 
—9.9692 

—9.6533 

+8.0535 
—9.4848 
-9.1379 
—9.6159 

1.0114 
I .0137 
1.0I36 
1 .0344 
1 .0375 

9.9340 
9.9336 
9.9332 
9.9293 
9.9280 

1 

1301 

1263 
1363 
1364 
ia6S 

8,7114 

8.5941 
8.5634 
8,6o43 
8.5646 

8*9116 

8.7945 
8.7630 
8.8020 
8.7616 

0.2759 

o.4o48 

0,5225 

0.3956; 

0.5236 

+8.5704 

+8.2233 

— 7'9'44 
+8.3666 
—  7.9169 

-9.9597 

—9.8764 
-9.3670 
—9,8885 
—  9.3672 

—9.5860 
—9.3553 
+9.0793 
—9.3913 
+9.0817 

1 .0393 
1.0393 
i.o3o4 
i.o3iJ 

i.o3i6 

9.9273 
9.9373 
9.9268 
9.926G 
9.9264 

1 

1366 
1267 
1368 
1369 
1370 

8.8075 
8.5952 
8.7249 
8.5737 
8,5773 

9.0037 

a. 7895 
8.9173 
8.7588 
8.7634 

0.1435 

0  *  4089 

0.2680 

o.523o 

+0.5284 

+8.7367 
+8.ao8i 
+8.5908 
—7.9333 
—7.9973 

-9-9742 
—9.8700 
—9.960s 
-9.3631 
—9.3978 

—9,6491 
—9.3443 
—9,5986 
+9,0966 
+9.1578 

i.oBss 

I.0335 
i,o349 
1.0393 
I . o4oo 

9.9261 

9.9356 
9 . 9350 
9,9333 
9.9329 

^ 

1371' 
1373 
1373 
1374 
127S 

0 , 3644 
8T83i4 
9.3318 
8.6883 
8.6947 

0.4477 
9.0117 
9.4017 

8.8558 
8.8599 

-1.7254 
+o.68i5 
— 0.2699 
+0.3335 
0,3376 

+0.3643 
—8.7561 
+9.3110 
+8.4943 
+8.5077 

—9.9367 
+9.6689 
—9.9588 
—9.9358 
-9,9377 

—9.7390 
+9.6658 
—9.7306 
—9,5560 
—9.5645 

i.o4i3 
1.0434 
1 . 0437 

l,o532 

1.0538 

9.9223 
9.9314 
9.9213 
9.9175 
9.9167 

1376 
1377 
1278 
1279 
isdo 

8.6469' 
8.6036 
8.6059 
8.5881 
8.6531 

8.8io3 
8.7635 
8.7594 
8.7356 
8.7948 

0.3783 
0.5369 

0.5356 
0.4963 
0.3888 

+8.3676 
— 8,io66 
—8.1029 
-7.3587 
+8,35o4 

—9 .  9045 
— 9.16S8 
—9.1903 
-9.5857 
— 9.8933 

-9.4734 
+  9.3611 
+9.2564 
+8,5340 
—9,4646 

i.o55o 

1.0574 
i.o6j6 

1.0657 
1,0695 

9.9162 

9.9150 
9,9130 
9.9109 
9.9090 

1381 
1383 

1383 
1384 
1385 

8.7751 
8.6063 
8.7806 
8.7737 
8.9365 

8.9082 
8.7368 
8,9087 
8,9006 
9.063 I 

0.3685 
0.4572 
0.3670 
0.6286 
0.0060 

+8. 649s 
+7.8788 
+8.6565 
—8.6435 
+8.8843 

—9.9496 
-9.7611 
—9.9489 
+  9.4804 
-9,9595 

— 9.6470 
—9.0471 
—9,5530 
+  9.6467 
— 9,7350 

1.0751 

1.0767 
1,0784 
] .079s 
1.0793 

9.9060 
9,9051 

9.9043 
9.9036 
9.9037 

r386 
1987 
1388 
1389 
1390 

8.6229 
8.6100 
9.01 52 

9.1393 

8,7393 
8.7359 
8.7327 
9.1248 

0.7497 
0.4474 
0,4480 
0.4914 
o.74a4 

—8.9819 
+8,0060 
+8.0089 
—7.0627 
-8.9784 

+9,7550 
—9 .  7896 
-9.7878 
—9.6142 
+9-7436 

+9-7447 
—9,1687 
-9.1717 
+8.3387 
+9.7510 

J .0820 
1.0834 
1 .0879 
t.o88i| 
I .0901 

9.9032 

9.9*>'9 
9.8987 

9.8986 

9.8975 

1 99 1 

1393 
1393 

1394 
1395 

8.6355 

6.6333 
8.63o7 
9.0724 
8.7731 

8.7446 
8.7319 
8.7353 
9.1670 
8.8635 

o,534g 

0.4530 
0.4443 
0.7659 
o.3ioo 

— 8.i4o6 
+7.9686 
+8.0545 
—9.0435 
+8.6197 

—9.3000 

— 9.7766 
—9.7973 
+9.7607 
—9.9318 

+9.3933 

-9.1337 

-9.ai47 
+9.7676 
—9.6472 

I . 0904 
I .0907 
1 . 0933 
t.0986 
I. 1018 

9.8973 
9 . 8970 
9.8955 
9.8920 
9 . 8900 

E396 
1397 
1298 
1399 
i3oo 

S.6380 
8.6713 
9-4373 
0,9599 
+8.6377 

8.7378 
8.7582 
9.5134 
0.3443 
—8.7156 

0.4474 
+0.5528 
— 0.5299 
—  i.6i53 

+  0.5l32 

+8.0378 
— 8.3ioo 
+9.4318 
+0.3598 
—7.8791 

—9,7888 
—8,7308 
—9.9302 
—9.8931 
—9.4676 

-9.1997 

+9.4405 
—9.7967 
—9.8031 
+9.0485 

i.Toas 
1.1039 

I . 1 o44 

i.io55 

—  1.1093 

9.8898 
9. 8886 
9.8883 
9.8876 
— 9.885o 

<« 
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Table  XXX. 


Catalogub  of  1500  Stars. 


No. 

B.A.C. 

ConsteUation. 

Mag. 

Right  Arcension, 
Jan.  1, 1850. 

Annnal 
Variation. 

North  Polar  Dlat.. 
Jan.  1,  1850 

74  24  44,-9 

Annual 
Vrratiot 

x3oi 

7200 

12  Delphini, 

r 

4 

h.    m.        «. 
20  39  42. o5 

+  2.785 

-12.7 

x3o2 

7aox 

3  Aquarii, 

4 

39  49. 25* 

3.173 

95  34  24.3* 

12.8 

(3o3 

7204 

53  Cygni, 
Microscopii, 

e 

3 

4o    8.55 

2.426 

56  35  20.4 

l3.2 

(3o4 

7207 

a 

4i 

4o  35.59 
4x  34.06 

3.790 

xa4  19  5i.i* 

12.7 

(3o5 

7213 

54  Cygni, 

X 

5 

2.333 

54     3  27.9 

l3.o 

i3o6 

72i5 

Cephei, 

5 

4i  37. 72* 

1.495 

32  57  24.9* 

12. 8 

i3o7 

7220 

3  Cephei, 

V 

3i 

42  i3.97« 

1.232 

28  44  33.6* 

i3.8 

i3o8 

7228 

P 

4 

43     2.8x 

4.757 

149     0  64.8 

x3.o 

i3o9 

7239 

6  Aquarii, 

h 

4i 

44  33.56* 

3.246 

99  32  33.3* 

i3.i 

i3io 

725o 

Octantis, 

a 

4i 

46  23.07 

7.6x4 

167  35   17.5 

12.7 

i3xi 

7253 

57  Cygni, 

5 

47  56.44* 

2.120 

46  10  43.1* 

i3.4 

i3ia 

7256 

32  VulpeculaB, 

4i 

48  10. o5* 

2.557 

62  3o  36.5* 

i3.4 

r3x3 

7277 

58  Cygni, 

V 

4 

5i  35. o4* 

2.234 

49  24  28.8* 

i3.6 

r3i4 

7281 

Cephei, 

5 

52  i6.i4» 

+  i.6o5 

33  4i    18.5* 

i3.6 

i3i5 

7291 

76  Draconis, 

5 

53    7.6x« 

—3.832 

8     I  43.9* 

13.7 

i3i6 

7299 

Cephei, 

5 

54  i3.i7« 

—2.422 

10     0  47.2* 

i3.8 

i3i7 

73o5 

22  Capricorni, 

V 

5 

55  5i.59» 

+3.430 

110  26  40.9* 

13.9 

i3x8 

7333 

62  Cygni, 

^ 

4 

59  28.68« 

2.180 

46  4o     5.7* 

14.1 

i3x9 

7336 

61  Cygni, 

51 

21     0  X0.71 

2.691 

5i  59     8.0 

17.4 

1 320 

7344 

1 3  Aquarii, 

V 

5 

X  25.o3» 

3.276 

101   58  32.7* 

l4.2 

l32I 

7345 

63  Cygni, 

r 

5 

I  26.o8» 

2.o63 

42  57     8.7* 

14.2 

l322 

7350 

5  Equulei, 

y 

5 

3     2.89 

2.923 

80  28  11. I 

14.2 

j323 

7368 

64  Cygni, 

C 

3 

6  33.22* 

2.55o 

60  23     9.4^ 

i4.5 

i324 

7372 

7  Equulei, 

6 

41 

7  10.57 

2.927 

80  35  52.5 

i4.3, 

i325 

7374 

29  Capricorni, 

5 

7  26.34* 

3.334 

io5  47  29.4* 

i4.6' 

r326 

7377 

Cephei, 

5 

7  59.05* 

1.542 

3o  37  44.3* 

14.6 

[327 

7380 

8  Equulei, 

a 

41 

8  19.45* 

+3.oo5 

85  22   10. I* 

i4.6 

[328 

738i 

77  Draconis, 

51 

8  22.65 

— I .o46 

12  28  59.6 

14.7 

[329 

7385 

65  Cygni, 

T 

5 

8  48.33* 

+2.391 

52  35  33.0* 

l5.2 

[33o 

7386 

4  Piscis  Aust., 

5 

8  49.71* 

3.665 

122  47  45.8* 

14.6 

i33i 

7398 

67  Cygni, 

a 

41 

11   31.69 

2.353 

5i    i3   54.3 

14.8 

[332 

7399 

66  Cygni, 

V 

41 

IX  45.12 

2.462 

55  43  49.3 

14.9 

[333 

7407 

32  Capricorni, 

I 

5 

x3  53.20* 

3.357 

107  28   12.1* 

i5.o 

[334 

7409 

Pavonis, 

7 

3 

i3  58.74 

5.081 

1 56     2  27.5 

i5.7 

[335 

7416 

5  Cephei, 

a 

3 

x4  59.74* 

1.439 

28     2  55.5* 

i5.o 

[336 

7418 

I  Pegasi, 
Indi, 

4 

i5    9.08 

2.776 

70  5o     4.3 

i5.i 

[337 

7423 

7 

5 

i5  31.42 

4.337 

i45   18   18.9 

14.9 

[338 

7428 

6  Cephei, 

5 

16  15.07 

1 .259 

25  45  47.3 

i5.i 

[339 

7445 

34  Capricorni, 

c 

4 

18     5.65* 

3.443 

n3     3  27.5* 

i5.3 

[34o 

7478 

22  Aquarii, 

p 

3 

23  39.51* 

3.168 

96  i3  4x.7* 

i5.6 

i34i 

7480 

71  Cygni, 

g 

5 

23  54.95* 

2.206 

44    7    8.0* 
20     5  49.7* 

i5.6 

1 342 

7493 

8  Cephei, 

a 

3 

26   42.32* 

0.807 

i5.6 

[343 

7495 

Cephei, 

5 

26  52. o3 

1.647 

3o  12     3.9 

15.7 

i344 

75o3 

75  Cygni, 

p 

41 

28  20.60* 

2.25o 

45     4  10. 0* 

x5.7 

[345 

7506 

39  Capricorni, 

e 

5 

28  4o.46* 

+  3.375 

no     8     6.5* 

i5.8 

[346 

75io 

Cephei, 

51 

29     6.18 

—  1.389 

10     7  48.8 

15.9 

1 347 

75x4 

23  Aquarii, 

1 

5 

29  45.77* 

+  3.202 

98  3x   26.1* 

i5.8 

1 348 

7522 

4  Pegasi, 

5 

3i     1.09 

3.oo4 

84  54  10.9 

15.9 

1 349 

7525 

4o  Capricorni, 

7 

4 

3i  46. 4o* 

3.341 

107   20    l3.2* 

16.0 

i35o 

7539 

4 1  Capricorni, 

5 

21  33  27.80 

+3.435 

ii3  56  16.3 

—  16.0 
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No. 

Logarithnu  of 

Logftritbmior 

a 

b        1         c 

d 

a' 

b' 

c' 

d: 

i3oi 

+8.6476 

-8.7249 

+0.4448 

+8.0769 

-9.7953 

—9.2367 

— X.X096 

—9.8847 

l302 

8.6336 

8.7x05 

o.5oix 

—7.6210 

-9.5532 

+8.7950 

1.X099 

9.8845 

i3o3 

8.7108 

8.7864 

0.3794 

+8.45x6 

—9.8942 

-9.5493 

I. 1x06 

9.8840 

i3o4 

8.7x64 

8.7903 

0.5762 

-8.4677 

+8.86x5 

+9.5607 

i.xxx6 

9.8833 

i3o5 

8.7272 

8.7974 

0.3678 

+8.4958 

—9.9022 

—9.5802 

1.1x38 

9.8817 

i3o6 

8 . 9000 

8.9700 

0.X762 

+8.8a38 

—9.9420 

—9.7355 

1. 1 1 39 

9.88x7 

i3o7 

8.9549 

9.0226 

o.o858 

+8.8978 

—9.9420 

— 9.7560 

X.XX53 

9.8807 

i3o8 

8.9271 

8.9916 

0.6773 

— 8.86o3 

+9.6294 
—9.4616 

+9.7480 

X.XX71 

9.8793 

[3o9 

8.6481 

8.7068 

o.5xo5 

-7.8677 

+9.0377 

I . I 2o4 

9.8769 

i3io 

9.3x37 

9.3654 

0.8816 

—9.3034 

+9.8042 

+9.8118 

X.I243 

9.8738 

i3ii 

8.79x1 

8.8368 

0.3257 

+8.63x4 

—9.9179 

-9.6658 

X.I276 

9.87x2 

l3l2 

8.7018 

8.7467 

0.4072 

+8.366X 

— 9.8620 

—9.4901 

I.I28I 

9.8708 

i3i3 

8.7764 

8.8o83 

0.3486 

+8.5898 

—9.9064 

—9.6463 

i.x352 

9.8649 

i3i4 

8.9142 
9.5x49 

8.9435 
9.5410 

+o.2o56 

+8.8344 

-9.9287 

-9.7545 

X.X366 

9.8637 

i3i5 

—0.5832 

+9.5x06 

—9.8929 

-9.83x8 

I.X383 

9..862X 

i3i6 

9.4219 

9.4438 

—0.3833 

+9.4x53 

-9.8972 

-9.83x6 

i.i4o5 

9.8602 

i3i7 

8.6937 

8.7094 

+0.5352 

—8.2369 

—9.1909 

+9.3847 

1. 1437 

9.8572 

i3i8 

8.8106 

8.8126 

0.3378 

+8.6471 

—9.9042 

— 9.865o 

i.i5o7 

9.85o5 

i3i9 

8.7773 

8.7766 

0.3678 

+8.5668 

— 9.8904 

—9.6393 

X.l520 

9.8492 

l320 

8.6856 

8.68o3 

o.5i45 

—8.0026 

-9.4451 

+9.X692 

1.1544 

9.8468 

l32I 

8.8427 

8.8373 

o.3i42 

+8.7072 

— 9.9085 

—9.7166 

X.I544 

9.8468 

l322 

8.6851 

8.6736 

0.4645 

+7 -9041 

-9.7352 

—9.0742 

I. 1574 

9.8436 

i323 

8.7463 

8.7214 

o.4o63 

+8.440X 

—9.8553 

—9.5554 

I.I638 

9.8367 

1 324 

8.6925 

8.6652 

0.4652 

+7.9056 

—9.7323 

—9.0758 

I .1649 

9.8355 

i325 

8.7038 

8.6755 

0.5223 

—8.x  386 

—9.3646 

+9.2979 

I.I654 

9.8349 

i326 

8.9809 

8.9506 

o.x848 

+8.9x56 

—9.9074 

-9.7988 

I .1662 

9.8338 

i327 

8.6900 

8.6584 

+0.4767 

+7.5970 

—9.6880 

-8.77x7 

1.1669 

9.8331 

i328 

9.3539 

9.3222 

— 0.0173 

+9.3435 

—9.8800 

-9.8544 

I .1670 

9.8330 

1 329 

8.7895 

8.7561 

+0.3758 

+8.5730 

-9.8793 
+  7.5o52 

—9.6491 

1.1678 

9.832X 

x33o 

8.7649 

8.7314 

0.5630 

—8.4986 

+9.5993 

1.1678 

9.832X 

i33i 

8.8023 

8.7585 

0.3711 

+8.5990 

-9.8798 

—9.6670 

1 .1725 

9.8265 

1 332 

8.7774 

8.7328 

0.39x0 

+8.5280 

-9.8668 

— 9.6212 

I . 1729 

9.8260 

i333 

8.7x87 

8.6659 

o.525o 

— 8.'X96x 

—9.3322 

+9.35x7 

I .1765 

9.8215 

1334 

9.0897 

9.0366 

0.7045 

— 9.o5o6 

+9.6329 

+9.8353 

1.1766 

9.82x3 

i335 

9.0277 

8.9707 

o.i5xi 

+8.9735 

—9.8954 

—9.82x9 

1.1783 

9.8191 

1 336 

8.7251 

8.6675 

0.4416 

+8.24x3 

—9.7967 

-9.3927 

1.1786 

9.8188 

1337 

8.9456 

8.8866 

0.6376 

-8.8606 

+9.4679 

+9.7920 

1.1792 

9.8180 

i338 

9 . o64o 

9.0022 

0.0988 

+9.0x85 

—9.8914 

-9.8327 

1.1804 

9.8164 

x339 

8.74x3 

8.6724 

0.5366 

—8.3342 

— 9.1617 

+9.4741 

1.1834 

9.8x23 

x34o 

8.7165 

8.6262 

o.5ooo 

-7.75x8 

—9.5599 

+8.9253 

1 .1922 

9.7997 

i34i 

8.87x6 

8.7803 

0.3429 

+8.7276 

-9-8774 

—9.7464 

X.1986 

9.7991 

1 342 

9.1824 

9.0803 

9.9057 

+9.X552 

—9.8642 

—9.8673 

I. 1968 

9.7925 

[343 

9.0172 

8.9144 

0.2168 

+8.9538 

-9.8773 

—9.83x5 

1.1971 

9-7921 

9.7885 

1 344 

8.8709 

8.7624 

0.3524 

+8.7x99 

— 9.8699 

—9.7460 

1.X993 

[345 

8.7488 

8.6390 

+0.5278 

—8.2857 

—9.2929 

+9.4344 

1.1998 

9.7877 

[346 

9.4768 

9.3653 
8.6x38 

— 0.X784 

+9.4700 

—9.83x6 

—9.89x3 

I . 2oo4 

9.7867 

1 347 

8.7279 

+o.5o42 

—7.8988 

—9.5299 

+9.0701 
-8.8496 

I.2013 

9.7850 

x348 

8.7266 

8.6076 

0.4769 

+7.6752 

—9.6866 

1.2032 

9.7819 

1349 
x35o 

8.746X 

8.6241 

0.52x4 

— 8.2203 

—9.3705 

+9.3762 

1.2042 

9.7800 

+8.7674 

—8.6387 

+0.5346 

—8.3756 

—9.1889 

+9.5127 

— 1.2066 

-9.7758 
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No. 

B.A.C. 

Ma«. 

Rifht  Atceiwloii, 
Jan.  1, 1850. 

AimiiAl 
Variation. 

NorUi  Polar  Diat., 
Jan.  1. 1850. 

Annn 
Variatl 

i35i 

1 352 

1 353 

1 354 
1355 

7542 
7543 
7557 
7560 

756i 

9  Cephei, 
43  Capricomi, 

9  Piscis  Aust., 
80  Cygni, 

8  Pegasi, 

K 

V 

t 

5 
5 

4i 
4i 

2i 

h.    m.        a. 

21  33  53.84» 
34  16. 47* 
36     0.02* 
36  46.26* 
36  49.ii« 

9. 
+  1.609 
3.364 
3.600 

2.132 
3.951 

0      /          " 

28  35  36.1* 

109  32  49.9* 

123  4a  35.2* 

39  29  36.7* 

80  48  37.0* 

-16. 
16. 
16. 
16. 
16. 

i356 
x357 
i358 
1350 
i36o 

7567 
7568 
757X 
7580 
7583 

9  Pegasi, 
78  Cygni, 
10  Pegasi, 
49  Capricomi, 
10  Piscis  Aust., 

d 

5 
4 
3i 
5 

37  24.73 
37  26.08* 

37  51.26 

38  45. 3o* 
38  55.41 

2.844 
2.673 
2.712 
3.323 
3.547 

73  30    4.7 

61  55  58.3* 

65     2  32.6 

106  48  18.5* 

121   35  24.2* 

16. 
16. 
16. 
16. 
16. 

x36i 

1 362 

1 363 

1 364 
x365 

7588 
7595 
7597 
7598 
7607 

II  Cephei, 
10  Cephei, 
78  Draconis, 
81  Cygni, 
i4  Pegasi, 

V 

7r« 

4i 

4i 

5 

5 

5 

39  42.86* 
4i     7.53* 
4i   i3.o3* 
4i   i5.38* 
43  12.63 

0.908 
1. 731 
0.762 
2.210 
2.648 

19  22  43.0* 

20  34  IC.4* 
18  22     1.6* 
4i  22  58.4* 
60  3i   19.9 

16. 
16. 
16. 
16. 
16. 

x366 
i367 

1 368 

1 369 
1370 

7610 
7613 
7618 
7633 
7634 

Cephei, 

Gruis, 

5 1  Capricorni, 

Indl; 

y 

6 

5 
3 
5 

5 
5 

44  21.68* 

44  49.99 

45  6.72* 
47  40.33 
47  51.53 

1.096 
3.672 
3.285 
4.129 
4.289 

20  32  37.1* 
128    4     3.9 
io4  i5  18.1* 
145  42     8.6 
149  43  26.4 

16. 
16. 
16. 
16. 
16. 

1371 
1373 
1373 
1374 
1375 

7657 
7672 
7684 
7686 
7688 

12  Piscis  Aust., 
3 1   Aquarii, 

Gruis, 
16  Cephei, 
34  Aquarii, 

V 
0 
A 

a 

\ 

5 
5 
3 

52  12.67 
55  33. 3i 

57     3.47 

57  5.37* 

58  4.64» 

3.469 
3. no 
3.65o 
0.885 
3.o85 

119  10  i5.o 
92  52  37.2 

i3o  i5  55.1 
17  32     0.0* 
91     2  47.4* 

17. 
17. 
17. 
17. 
'7' 

1376 
1377 
X378 
x379 
i38o 

7689 
7691 
7692 
7699 
7700 

22  Pegasi, 
33  Aquarii, 

Gruis, 
18  Cephei, 
17  Cephei, 

V 

I 
a 

5 

4^ 

2 

5 

5 

58     6.89 
58  19.77* 

58  45.09 

59  22.29 
59  26.04* 

3.o3i 

3.252 

3.824 
1.770 
1.738 

85  4o  22.3 

104  35  42.3* 

x37  4i     3.2 

37  36  34.2 

26     6     6.3* 

17. 
17. 
17- 
17- 
17. 

i38i 
1 382 
i383 
1 384 
i385 

7706 
7721 
7723 
7731 
7746 

24  Pegasi, 
27  Pegasi, 
26  Pegasi, 
29  Pegasi, 
Lacertae, 

I 
6 

4 
5 
4 
4 
5 

22     0     1.84 
2  35.11* 

2  37.97* 

3  19.76* 
5  19.65 

2.788 
2.655 
3.033 
2.658 
2.3o4 

65  23     7.4 
57  33  3i.o* 
84  32  17.3* 
57  33  21.8* 
39  55     0.6 

17. 
17. 
17. 
17. 
17. 

i386 
i387 
1 388 
1 388 
1390 

7749 
7756 
7758 
7765 
7767 

21  Cephei, 
Gruis, 

24  Cephei, 
Lacertae, 
Tucans, 

C 
a 

4 
5 
5 
5 
3 

5  39.53* 

6  33.93 

6  54.77 

7  26.87 

8  10. 83 

2.071 
3.667 
1 .  170 
2.574 
4.194 

32  32   12.9* 

i32     5  29.4 

18  23  5o.5 

5i     I  43.4 

i5i     0  14.5 

17- 
17. 

17. 
17. 

1391 
1392 
1393 
x394 
1395 

7773 

7777 
7778 
7788 
7790 

43  Aquarii, 
I  Lacerte, 
23  Cephei, 
3o  Pegasi, 
47  Aquarii, 

e 

e 

4^ 

5 

A\ 

5 

5 

8  54.85* 

9  26.24 
9  3i.i3* 

12  54.79 
i3  19.93 

3.175 
2.6o5 
2.197 
3. 025 
3.319 

98  3i  4i.6* 
52  59  47.4 
33  42   11. I* 
84  57  46.5 
112  20  49.7 

17. 
*7- 

17. 
17. 

1396 
1397 
1398 
1399 
i4oo 

7795 
7796 
7800 
7808 
78x4 

48  Aquarii, 

3 1   Pegasi, 

2  Lacerte, 

Tucanae, 

52  Aquarii, 

7 
S 

IT 

3 

5 
5 
5 

i3  54.42* 
x4    8.29 

l4    5o.22* 

16  35.73 
22  17  36.99* 

3.106 
2.955 
2.465 
4.348 
4-3.068 

92     8  28.5* 
78  33  53.7. 
44  i3     1.9* 
i55  43  41.9 
89  38  55. 4» 

17. 

18! 

>7- 
—  18. 
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Ho. 

LoE«ntbnu  ttr                                \ 

Logorf  ibma  of                               { 

a 

i 

€                  d          \ 

11' 

A' 

e' 

d'        ' 

13511 

+9.0490 

-8.9186 

+0 .  2070 

+8,9935 

-9.8635 

-9,8485 

— I .3073 

-9,7747 

1 35a 

8,7353 

8.6334 

0.5254 

—8,3798 

—9.3338 

+9-430I 

1.3078 

9.7737 

i353 

8.8118 

8.6731 

0.5557 

-8.5561 

--8.54i6 

+  9.6533 

I .3I03 

9.7693 

1 354 

8.9395 

8,7877 

0.33671 

+8.8169 

-9.8618 

-9.7965 

1.3113 

9.7673 

i355 

8.7386, 

8.5966, 

0.4690 

+  7.9419 

-9,7175 

—  9,1134 

1.3113 

9.7671 

i356' 

S.7534 

8. 6081 

o,45a9 

+a.3too 

-9.7655 

—9.3674 

I. 3131 

9.7655 

i357 

8.7883 

6.6437 

0.4341 

+8.4607 

—9.8176 

-9.5835 

I. 3131 

9.7655 

1358 

8.7770 

8.63o8 

0.4338 

+  8,4033 

—9,8053 

—9.5358 

1,3137 

9.7643 

1 359 

8.7546 

8.6o4e 

0.5190 

— 8,ai56 

—9.3950 

+  9.3738 

1,3139 

9.7619 
9.7615 

i36o 

S.8o55 

8.655i 

0.5497 

-8.5347 

^8.6374 

+9^6311 

i,ai4a 

i36t 

9.3160 

9,o6a4 

9.9476 

+  9.1907 

-9.8364 

—9.8876 

i,ai53 

9.7594 

t36a 

9,0455 

8.8863 

0.3377 

+  8.9849 

— 9.85;o 

-9.8543 

t.3171 

9.7555 

1 363 

9.aio4 

9.0808 

9.8912 

+  9.3177 

— 9*83o5 

-9,8933 

1.3173 

9.7553 

1 364 

8.9187 

8,7588 

0.3438 

+  8.7939 

-"9,8536 

—9.7903 

1.31731 

9.755a 

1 365 

8.8017 

8.6339 

0.4336 

+8.4937 

-9,8i58 

—  9.6096 

I .3198 

9-7498  i 

1 366 

9.1977 

9.0353 

0.0335 

+  9,1692 

—9.8291 

—  9,8905 

1. 3313 

9*7465 

i367 

8.8474 

8. 6730 

0 . 5637 

—8.6374 

+  7.0792 

+  9.7096 

1 .3319 

9 -7453 

1 368 

8,7575 

8.5819 

o.5i3i 

—8.1488 

-9,4533 

+  9,31.3 

1 . 3333 

9.7444 

1369 

8.996a 

8, 3 1 01 

0.6171 

-8.9133 

+  9-3147 

+  9.8403 

1,3354 

9.7371 

1370 

9,0448 

8.8579 

0.6354 

—8*9811 

+9*4oi4 

+  9-8597 

1,3356 

9.7365 

1371 

8,8ii5 

8.6064 

0.5398 

-8,4994 
-7,4577 

—9.0828 

+9,6166 
+a.633a 

1 ,3309 

9,7336 

137a 

8,7570 

8.5377 

0.4931 

—9*6101 

1.3348 

9.7133 

1373 

8.6756 

8.6498 

o.56a3 

—8.6861 

— 6.903 i 

+  9^7447 

1.3365 

9 . 7085 

1374 

9.3793, 

9.0534 
8. 5393 

9.9583 

+9.3586 

-9,7909 

—9,9136 
+0,1970 

1.2365 

9.7084 

1375 

8.7594 

0.4890 

— 7.0309 

—9.6280 

1.3376 

9 . 70S3 

1376 

8.7606 

8.53o3 

i-iin 

+  7.6383 

—9.6730 

— 8,8i3i 

1.3377 

9.7051 

1377 

8.7739 

8.54^6 

—8.1753  1 

—9.4660 

+9,3371 

1,3379 

9,7044 

1378 

8.9319 

8.6988 

o.58u 

-8,8oo8 

+8.9085 

+9.8o5i 

i.a384 

9  *  7o3o 

1379 

9,0948 

8.8580 

O«3530 

+9.0433 

—9.8104 

-9.8843 

1.2391; 

g.7010 

i38o 

9.1174 

8.8813 

0 . a3o6 

+9.0707 

—9.8074 

—9 .  890a 

1 .3393; 

9 . 7008 

1381 

8.8oa8 

8.5641 

0.4416 

+8.4335 

—9.7801 

—9.5573 

1.3398 

9 . 6989 

t38a 

8.8379 

8.5880 

0,4339 

+8.5674 

-^9.7988 

—9.6698 

1,3435 

9.6904 

1383 

8.7663 

8,5i6i 

0,4783 

+  7^7448 

—9 ,  6800 

—  8.9189 

1 . 3426 

9.690a 

1 384 

8.8387 

8,5855 

0,4343 

+8.5683 

-9.7978 

-9.6707 

1.3433 

9.6879 

i385 

8.9598 

8.6976 

0.3635 

+  8.8446 

—9,8105 

— 9,8a8o 

1,3454 

9.6810 

i386 

9.03 68 

8.7731 

o.3i55 

+  8.9636 

— 9.8040 

—9.8694 

I, 3456 

9.6799 

1 387 

8.8979 

8.630I 

o.56i6 

^8 .  7343 

-7,5563 

+9.7708 

1.3467 

9.6767 

1 388 

9.3696 
8.8786 

9.0003 

0.0669 

+9,3468 

-9,7683 

—9.9321 

1.3471 

9.6755 

1 389 

8,6068 

o.4o83 

+  9.6773 

—9.8031 

—9.7440 

1.3476 

9.6736 

1390 

9.0845 

8*8094 

0.6334 

—9.0364 

+9.3003 

+9.8880 

1.3483 

9*6710 

1391 

8.7756 

8.4971 

0 . 5ooa 

-7^9467 

-9.5564 

+9.1180 

1.3491 

9.6683 

139a 

8 . 8690 

8.5880 

o.4i55 

+8.6485 

-9.79^4 

-9,7369 

t . 3496 

9.6665 

1393 

9,0273 
8.7764 

8.7459 

o.33a7 

+8.9471 

-9,7969 

-9.8675 

t*3497 

9.6662 

1394 

8-479^ 

0.4797 

+  7.7199 

-9.6739 

-8.8943 
+9. 55 13 

i.253o 

9.6536 

t395 

8.8090 

8,5099 

0.5308 

"-8 . 3890 

—9.3^32 

1,3534 

9.65ai 

1396 

8.77% 

8.474r 

0 . 4904 

-"7.3484 

—9,6201 

+8.5343, 

1 . 3539 

9.6499 

1397 

8.7846 

8.4S16 

0,4698 

+  8,0834 

—9,7108 

—9,3498 

I. 2541 

9.6490 

1398 

8.9330 

8.6a68 

0.3913 

+8.7884 

—9*7924 

-9,8079; 

1.3  548 

9.6463 

1399 

9 . ] 643 

8.8495 

0.639S 

-9.1340 

+9.3406 

+9.9140 

1.3564 

9,6395 

j4oo 

+8.7791 

—8.4594 

+0.4864 

+6.8iao 

—9.5431: 

—7.9860 

— I.a574 

—9.6355 
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No. 

B.A.C. 

ConstelUUoQ. 

Mag. 

RJf  ht  AMsencton, 
Jan.  1.  1850. 

Anmud 
VarteUoD. 

NorUi  Polar  Dlst., 
Jan.  1, 1850. 

Annua] 
VariaUoi 

i4ox 

7815 

3  Lacertae, 

P 

4i 

k.    m.         9. 

22   17  4o.35» 

+2.343 

0           /              » 

38  3x   16.7* 

—  17.9 

i4o2 

7820 

4  Lacerte, 

5 

18  26. 4q 
20  17.06 

2.416 

4x  16  57.9 

x8.i 

x4o3 

7828 

Gruis, 

d> 

4 

3.624 

i34  i5  35.5 

18. 1 

i4o4 

7830 

Gnijs, 

<J» 

5 

20  46.75 

3.632 

x34  3o  56.6 

18. c 

i4o5 

7832 

55  Aquarii, 

C 

4 

21     6.37* 

3.092 

90  47     8.1* 

18. s 

i4o6 

7840 

57  Aquarii, 

(T 

5 

22   42.20* 

3.184 

loi  26  37.3* 

18.3 

1407 

7841 

Tucan*, 

V 

5 

22   47.98 

4. 118 

x52  45     4.1 

18. 1 

i4o8 

7842 

17  PiflcisAuat., 

/? 

4 

22  57. 92* 

23  18.85 

3.437 

X23     6  5o.6* 

18. s 

i4o9 

7845 

5  Lacerte, 

5 

2.5o3 

43     3  33.9 

18.3 

i4io 

7848 

27  Cephei, 

c5 

4i 

23  36. 6o* 

+2.ai3 

3a  21     5.3* 

18.3 

i4ii 

785 1 

Ursas  Minoria, 

5i 

24  3o.09» 

-3.501 

4  38  59.3* 

18.3 

l4l2 

7855 

7  Lacertae, 

a 

4 

25     7. 35* 

+2.457 

4o  29  14. 4* 

18.3 

i4i3 

7867 

28  Cephei, 

. 

5i 

25  31.26 

0.537 

XI  58  4i.8 

18.3 

i4i4 

7864 

59  Aquarii, 

V 

5 

26  28.91 

CO  CO 

II X  28  26.5 

18.3 

i4i5 

7868 

62  Aquarii, 

V 

4 

27  38.77* 

90  53  20.3* 

18.4 

i4i6 

7886 

Octantis, 

(i 

5 

3o   21.23 

6.688 

X72     9  53.6 
17     8     4.8* 

18.5 

x4i7 

7896 

3 1  Cephei, 

5 

32     3.90* 

1.486 

18. € 

i4x8 

7898 

18  PiscisAust., 

e 

4 

32    21. OI* 

3.338 

1x7  49  27.6* 

18. £ 

1419 

7902 

3o  Cephei, 

5 

33  20.56* 

2.X14 

27  II  39.3* 

18. € 

1420 

7904 

Gruis, 

/? 

3 

33  41.22 

3.626 

x37  4o     1.8 

18. € 

1421 

7908 

42  Pegasi, 

c 

3 

33  58.89* 

2.990 

79  57     0.3* 

18. C 

1422 

7914 

43  Pegasi, 

0 

5 

34  43.24* 

2.809 

61   28  25.8* 

18. e 

1423 

7923 

44  Pegasi, 

V 

3 

35  58.57* 

2.8o5 

60  33  43.0* 

18.7 

x424 

7925 

Gruis, 

V 

5 

36  23. 5o 

3.731 

i44  17  18.3 

18.4 

i425 

7943 

46  Pegasi, 

^ 

5 

39  12.02 

2.993 

78  35  38.4 

18.3 

1426 

7945 

47  Pegasi, 

X 

4^ 

39  18.66 

2.883 

67  i3  19.4 

i8.fi 

1427 

7946 

Gruis, 

e 

4 

39  28.04 

3.666 

142     6  i4.5 

i8.fi 

1428 

7958 

48  Pegasi, 

f^ 

4 

42  46.10* 

2.888 

66  II  20.8* 

18.9 

1429 

7961 

Cephei, 

5 

43  34.66 

2.443 

34  53  3i.3 

18.9 

i43o 

7966 

22  Piscis  Aust., 

y 

5 

44  10.71 

3.361 

123  4o  14.8* 

19. c 

i43i 

7967 

32  Cephei, 

I 

4 

44  21.28* 

2.114 

24  35  i5.6* 

i8.fi 

i43a 

7970 

73  Aquarii, 

A 

4 

44  47.10* 

3.133 

98  22  34.8* 

19. c 

i433 

7973 

Cephei, 

5 

45  31.53 

2.3o4 

29     5  59.3 

19. c 

1434 

7980 

76  Aquarii, 

(5 

3 

46  40.95* 

+3.195 

106  37     1.4* 

19. c 

1435 

7990 

Cephei, 

5^ 

47  55.54* 

— 0 . 006 

7  38  32. 0* 

19. 1 

i436 

7993 

24  Piscis  Aust., 

a 

I 

49  21. o3* 

+3.335 

120  24  57.1* 

18.9 

1437 

8008 

Gruis,    ^ 

c 

5 

52     0.19 

+3.610 

i43  33  22.8 

19.2 

i438 

8023 

I   Andromedae, 

0 

4 

55     1.79* 

+2.745 

48  28  44.3* 

19.2 

1439 

8026 

Cephei, 

5i 

55  25.07 

— o.i46 

6  27  23.7 

19.2 

i44o 

8o3i 

4  Piscium, 

0 

5 

56  14.67* 

+3.057 

86  59  11.3* 

19.2 

i44i 

8o32 

53  Pegasi, 

/3 

2 

56  30.53* 

2.898 

62  43  46.8* 

19.^ 

i442 

8o34 

54  Pegasi, 

a 

2 

57  17. 5i* 

2.985 

75  36     2.8* 

19.2 

1 443 

8039 

Cephei, 

5 

57  50.89 

2.25l 

23  35  55.2 

19.3 

1 444 

8043 

Gruis, 

e 

5 

58  24.79 

3.4x4 

i34  19  43.8 

19.9 

1445 

8o5i 

55  Pegasi, 

5 

59  27.03 

3.02X 

81   23  58.4 

19.3 

1 446 

8o52 

56  Pegasi, 

4i 

59  48.85 

2.916 

65  20  25. 0 

19.3 

1447 

8062 

88  Aquarii, 

c* 

4i 

23     I   26.57 

3.212 

III  5o     6.2 
i36     3  23.8 

19.4 

i448 

8067 

Gruis, 

I 

5 

I  50.78 

3.419 

19.7 

1449 

8069 

89  Aquarii, 

c* 

5 

I  53.85 

3.219 

ii3  16     7.2 

19.4 

i45o 

8074 

33  Cephei, 

rr 

5 

23     3    8.53* 

+  X.882 

i5  25  22.1* 

—  19.3 

Table  XXI. 


457 


c. 
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No. 

Logaritlmw  or                             | 

Logaiithma  of                               | 

a 

h 

c 

d 

a' 

b' 

c' 

d' 

i4oi 
i4o2 
i4o3 
i4o4 
(4o5 

+8.9847 
8.9604 
8.9264 
8.9288 
8.7822 

—8.6649 
8.6867 

8.6987 
8.5936 
8.4454 

+0.8702 
0.3884 
0.5587 
0.5590 
0.4883 

+8.8782 
+8.8863 
— 8.7702 
-8.7745 
— 6.9192 

-9.784X 
—9.7848 
— 8.2201 
—8.1847 
—9.6817 

—9.8486 
-9.8818 
+9.8018 
+9.8087 
+8.0953 

-1.2674 
x.258x 
1.2698 
x.2602 
1.2606 

—9.6863 
9.6822 
9.6248 
9.6228 
9.62x4 

i4o6 
1 407 
i4o8 
1409 
i4io 

8.7923 
9.1229 
8.8607 
8.9498 
9.0559 

8.4474 
8.7776 

8.5i46 
8.6019 
8.7064 

0.5027 
0.6169 
0.5352 
0.8953 
+0.8442 

—8.0898 
—9.0718 
-8.6982 
+8.8i85 
+8.9826 

-9.6861 
+9.2282 
-9.1433 
—9.7749 
— 9.7613 

+9.2672 
+9.9086 
+9.6973 
—9.8289 
—9.8871 

I. 2619 
1.26x9 
1.2621 
1.2624 
1.2626 

9.6148 
9.6144 
9.6x87 
9.6122 
9.61x0 

(4ii 

l4l2 

i4x3 
i4i4 
i4i5 

9.8762 
8.9731 
9.4688 
8.8179 
8.7877 

9.5219 
8.6160 
9.1096 
8.4537 
8.4x74 

-0.5535 

+0.8875 

9.7870 

o.5i58 

0.4884 

+9-8747 
+8.8548 
+9-4692 
— 8.38i5 
-6.9786 

—9.6419 
-9.7692 
-9.6881 
—9.4126 
—9.6812 

-9.9698 
—9.8428 
-9.9624 
+9.6264 
+8. 1 646 

X.2684 
X.2689 
x.2642 
I .2660 
x.2660 

9 . 6069 
9 . 6045 
9.6028 
9.6986 
9.6934 

x4i6 

i4i7 
i4i8 
1419 
1420 

9.6552 
9.3219 

8.8447 
9.1322 

8.9641 

9.2706 
8.9280 
8.4492 
8.7812 
8.56x2 

0.8809 
o.i6o5 
0.5280 
0.8243 
0.5576 

— 9.6612 
+9.3022 
— 8.5i38 
+9.0818 
-8.8828 

+9.6081 
-9.6868 
—9.8214 
— 9.7216 
—8.8076 

+9.9618 
—9.9475 
+9.6365 
-9.9x78 
+9.8872 

I. 2681 
1.2694 
X.2697 
1.2704 
1.2707 

9.68x2 
9.6788 
9.6719 
9.6672 
9.5656 

l42I 

1422 
i423 
1424 
x425 

8.7993 
8.8493 
8.8541 
9.0282 
8.8o5o 

8.3948 
8.4407 
8.4384 
8.6101 
8.8708 

0.4748 
0.4482 

0.4472 
0.5722 

0.4739 

+8.04XX 
+8.6284 
+8.5466 
-8.9877 
+8.10X1 

—9.6914 
—9.7442 
—9.7486 
+8.661I 
-9.6935 

— 9.2x06 
—9.6482 
—9.6617 
+9.8800 
—9.2686 

1.2709 
1.2714 
1.2724 
1.2727 
1.2747 

9.5642 
9.6606 
9.5544 
9.5524 
9.5382 

1426 
1427 
1428 
1429 
i43o 

8.83x7 
9.0082 
8.8874 
9.0419 
8.8794 

8.3968 
8.5724 
8.88x9 
8.58i4 
8.4x53 

0.4589 
0.5687 
0.4587 
0.8879 
0.5263 

+8.4x96 
—8.9064 
+8.4435 
+8.9668 
-8.6233 

—9.7272 
+7.6990 

—9-7347 
— 9.7182 
-9.2679 

—9.6604 
+9.8698 
— 9.6809 
—9.8893 
+9.7196 

X.2747 
1.2748 
1.2771 
1.2776 
1.2780 

9.6876 
9.6868 
9.6x94 
9.6160 
9.6x17 

x43i 
i432 
x433 
1434 
1435 

9.1806 
8.8048 
9.II36 
8.8198 
9.6783 

8.7x54 
8.3369 
8.64XX 
8.3400 
9.1905 

0.3271 

0.4961 

0.8624 

+o.5o46 

—8.0682 

+9.1394 
— 7.968 X 
+9.0660 
—8.2762 
+9.6744 

-9.6770 
-9.6824 
—9.6902 
-9.6181 
-9.66x6 

—9.9846 
+9.1896 
—9.9181 
+9.4387 
—9.9743 

I. 2781 
X.2784 
1.2789 
1.2796 
1.2804 

9.6x07 
9.6088 
9 . 5o42 
9.4976 
9.4904 

i436 
x437 
x438 
1439 
i44o 

8.8672 
9.0807 
8.9819 
0.7555 
8.8075 

8.8702 
8.5i6o 
8.8968 
9.2171 
8.2682 

+0.5197 
+0.5568 
+0.4377 
-9.8816 

+0.4845 

-8.6716 
—8.9862 

+8.7534 
+9.7627 
+7.6288 

-9.3436 
-8.3541 
—9.7078 
—9.6120 
— 9.6611 

+9.6834 
+9.8861 
-9.8088 
-0.9798 
—8.7087 

1.2818 
1.2828 
1.2845 

1.2847 
1.2862 

9.4820 
9.4669 
9.4467 
9.4442 
9.4387 

i44i 
1442 
1443 
x444 
1445 

8.8582 
8.8213 
9.2o58 
8.9535 
8.8i35 

8.3i2i 
8.2695 
8.6494 
8.3935 
8.2457 

0.4597 
0.4739 
0.8523 
0.5887 
0.4797 

+8.6193 
+8.2170 
+9.X674 
—8.7979 
+7.9888 

—9.7084 
—9.6880 
—9.6224 
—9.0966 
—9.6704 

—9.6442 
-9.3792 

+9!  828? 
—9.1694 

1.2868 
1.2868 
1.2861 
X.2864 
1.2869 

9.4370 
9.43x7 
9.4279 
9.4241 
9.4x69 

i446 
,447 
1448 
x449 
i45o 

8.85o3 
8.8424 
8.9685 
8.8466 
+9.3856 

8.2798 
8.2594 
8.3823 
8.2601 
-8.7893 

o.464x 
o.5o6i 
0.5339 
0.6072 
+0.2743 

+8.4707 
-8.4167 
—8.8268 
—8.4483 
+9.8697 

—9.70x8 
—9.4888 
—9.0810 
—9.4766 
—9.6467 

-9.6062 
+9.6690 
+9.8482 
4-9.5826 
—9.9706 

1.287X 
1.2879 
I. 2881 
X.2881 
—  1.2887 

9.4x43 
9.4027 
9.3997 
9.8994 
—9.8902 
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No. 

D.A,a 

CautfiHation. 

K^- 

Im.  I,  ISM. 

Annual 

Nortb 

0 

41 

Polar  Dist., 
1.  1,  18M 

Anooai 
Viinsiion. 

i45i 

8083 

7  Andromedfie, 

5 

k.      m.       9, 

23     5  4i.49» 

a. 
+3,734 

34  U.^' 

-19.58 

i45a 

808  5 

90  Aquarii, 

^ 

5 

6  33. i4* 

3.114 

f 

153 

5i  24.1* 

19.351 

i453 

8093 

Tucatim, 

5 

7  47-33 

3.433 

47   51.9 

33 .  39 
19.55 

1454, 

8098 

Tucanae, 

r 

4 

a  38.54 

3,554 

149 

3  38.2 

1455 

3io5 

6  Pise  turn. 

r    , 

4# 

9  33. 36* 

3.tto 

87 

33    II, I* 

19.61 

i45e 

8109 

93  Aquarit, 

r 

5 

10     6.54 

3.138 

too 

0       3,S* 

19.56 

145? 

8u3 

Sculptoris, 

y 

5 

10  43, 66* 

3.360 

133 

so   54.9* 

19.52 

lAU  8ii4| 

8  AQdromedse, 

5 

10  48.13* 

3.756 

41 

48   i3.4» 

19.61 

1459 

8it6 

95  Aqunrii, 

r 

5 

11     9.37* 

3.133 

100 

35  47^9* 

19,6s 

i4eo 

8i3i 

§3  Pe^, 

T 

5 

i3  i3,t8* 

3.961 

67 

4  47.7* 

19.65 

a5i 

8144 

98  Aquarii, 

h' 

5 

i5     5.39 

3.163 

110 

55     5.3 

19. 6v 

1463 

8160 

68  Pegaii, 

V       ■ 

5 

17  53,91* 

2,986 

67 

35   i5,4» 

19.79 

i463 

S161 

99  Aquarii, 

P 

5 

iS     9,77 

3,i63 

III 

27  46.2 

19.70 

1464 

8163 

4  CassiopeK, 

5 

18  II. gS* 

20   3J.6l* 

3.637 

38 

33  34, 4» 

19.74 

i465 

8177 

10  Piacium, 

& 

5 

3,o43 

84 

26  45o.o» 

19,73 

uee 

8180 

Cephei, 

5 

30    57.43* 

3.463 

^ 

37  54.1* 

19-77 

1467 

8iSa 

70  Pegasi, 

9 

5 

at   34.34 

3.038 

78 

3  57,3 

19.63 

i46S 

8188 

Cassiopett, 

5 

33     7-67* 

a.  747 

33 

16  4o.e* 

19.83 

i46g 

8201 

Sculptork, 

^ 

5 

34  54.82 

3.338 

ia8 

38   5o,6 

19.73 

1470 

8302 

101  Aqtiarii, 

h* 

5 

35  35.38 

3.153 

III 

44  33.5 

19.87 

i47i 

8210 

Phtenicis, 

t 

5 

36  59.31 

3,347 

1 33 

36  38,6 

19.70 

147a 

83 1 3 

Ursifc  Mmoris, 

51 

37  48-99* 

0.073 

3 

3f    11.8* 

19.88 

1473 

83s4 

16  Andromedffi, 

X 

4i 

3o  14^3* 

3.912 

44 

21    i5.3* 

19,50 

i474 

8339 

17  Andromeda, 

I 

4 

3o  47.57*, 

3,918 

47 

33  43.7* 

19,94 

1475 

8233 

103  Aquani, 

yt 

5 

32     o.i3  ' 

3,119 

io5 

3     4,1 

19.89 

1476 

8a33 

17  Pisciumt 

f 

Ai 

33  14.34* 

3.112 

85 

[I    10.7* 

^9-4? 

i477 

8337 

19  Andromedtt, 

If 

4* 

33     1.99* 

3,937 

46 

39  44.8* 

19.94 

1478 

8a38 

35  Cephei, 

r 

3 

33  i4,o3* 

3.391 

i3 

13     16,6* 

20,09 

1479 

8240 

io3  Aquatii, 

A' 

5 

33  47^63 

3,133 

loS 

5i    i&,8 

19.87 

i49o 

8343 

io4  Aquaiii, 

A' 

5 

33  58.44 

3,126 

108 

38  5o.5 

£0.00 

148 1 

8343 

18  Piflciiim, 

A 

5 

34  33.55* 

3,o64 

89 

3  U.4* 

19.80 

14^3 

8355 

1 06  Aquarjij 

,1 

5 

36  25.17 

3.ia3 

109 

6  3i.3 

19.98 

i483 

82  56 

78   PegnaU 

5 

36  37-33 

3.  J 06 

6t 

a8     5.e 

19.96 

i484 

8261 

20  An3romedie» 

^ 

5 

38  36,99* 

2.948 

44 

24  44. a* 

19.96 

ass 

8368 

r 

5 

39  44.77* 

3.891 

33 

n     0.3* 

20. o4 

£436 

8273 

Cephei, 

5 

4o  46,33 

3l8i3 

a3 

I   34.8 

19.99 
19.89 

1487 

8275 

Sculptoris^ 

^ 

5 

At     6.39* 

3.i4i 

118 

57  33. 4* 

i4S8 

S290 

Octantia, 

f 

5 

43     5.70 

3.715 

175 

5i     9,9 

19.98: 

1489 

8314 

Cephei, 

5 

47  35,90 

3.853 

16 

a5  34,9 

90.14 

1490 

8319I 

Octantis, 

r 

5 

49    8,33 

3.474 

173 

0  16.4 

'9-79 

1491 

83a3 

Tucanae, 

n 

5 

49  39-75 

3 . 1 70 

i55 

7  5o.5 

so.  11 

1493 

esae 

a  7   Piseium, 

5 

5o  59,5s* 

3.073 

li 

23  18.0* 

19.9SI1 

1493 

B33i 

28   Piaciunfii 

u 

41 

5i   36,63* 

3*080 

58     1.8* 

19.96 

1494 

8334 

Tiicane, 

I 

5 

5a     4.39 

3.179 

i56 

a4  43.1 

19.94 

1495 

8344 

Casaiopeffi, 

5 

53  S9.60* 

3.009 

39 

36  44.6* 

30.04 

1496 

8346 

39  PiBeiumt 

5 

54     8,17* 

3.075 

93 

5i  44.5* 

30.07 

1497 

8349 

3o  Piscium, 

41 

54  15.96* 

3.083 

96 

5o  52. o* 

30.  o3 

1498 

8358 

a  Ceti, 

4* 

56     3.12* 

3.083 

to8 

10  i4*9* 

so.  07 

1499 

8366 

Cassiopeae, 

5 

57   23. oo* 

3,o44 

39 

3i   17.3* 

30.05| 

iSoo 

8368 

33  Piscium, 

5 

33  57  39.39* 

+3,076 

96_ 

33  48.7* 

—30,10 
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Secular  Variation  of  the  AnmuU  Precession  in  North  Polar  Distance. 
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467 

0.559 

952 

0.444 

X073 

0.585 

ii85 

o.53i 

235 

0.574 

348 

0.556 

470 

0.577 

954 

0.486 

1075 

0.620 

1186 

0.591 
o.45o 

240 

0.477 

349 

0.435 

471 

0.874 

956 

0.436 

X078 

0.496 

1187 

241 

0.441 

352 

0.438 

472 

0.5x6 

958 

0.526 

X081 

0.47X 

1 1 89 

0.576 

246 

0.449 

355 

o.6o3 

475 

0.448 

960 

0.435 

X082 

15.545 

XI 90 

0.583 

248 

o.45o 

356 

0.534 

476 

0.529 

961 

0.49X 

io83 

0.849 

1191 

o.5o3 

aSo 

0.453 

359 

o.6o4 

480 

0.524 

962 

0.439 

X084 

0.600 

1 1 92 

0.456 

25l 

0.469 

36o 

0.780 

48 1 

0.466 

964 

o.44x 

X086 

0.488 

1193 

o.5i5 

252 

0.445 

36i 

0.730 

482 

o.5o3 

965 

0.458 

X087 

0.52I 

1196 

0.490 

254 

0.460 

364 

0.548 

488 

o.5o3 

967 

0.683 

X089 

o.43o 

1201 

0.601 

255 

o.45i 

367 

0.519 

490 

0.485 

968 

0.468 

X090 

0.608 

1202 

0.602 

256 

o.45i 

369 

0.472 

491 

0.497 

969 

0.442 

X092 

0.548 

I2o4 

0.483 

258 

0.453 

371 

0.717 

495 

.1.299 

975 

0.576 

1093 

0.592 

I2o5 

0.577 

261 

0.460 

374 

o.64i 

499 

0.483 

977 

x.x57 

X094 

0.437 

1209 

0.673 

a62 

0.440 

375 

0.648 

5x1 

o.58o 

978 

0.472 

X097 

o.56i 

I2I6 

0.448 

266 

o.45o 

376 

0.595 

5X2 

0.773 

984 

0.458 

1098 

0.533 

I2I7 

0.495 

269 

o.45o 

38o 

0.481 

5x4 

0.448 

986 

0.470 

1099 

0.481 

I2I8 

0.436 

270 

0.486 

382 

0.517 

5x6 

0.457 

989 

0.457 

xxo3 

0.460 

1226 

0.459 

272 

0.674 

383 

0.532 

523 

o.6o5 

994 

0.485 

xxo5 

0.433 

1235 

0.930 

277 

0.807 

384 

0.519 

525 

0.56I 

996 

o.5i7 

XX07 

0.438 

1238 

0.544 

278 

0.442 

385 

0.772 

526 

o.5o6 

997 

X.XX7 

X109 

o.84x 

1242 

0.480 

279 

0.449 

386 

0.499 

529 

0.611 

1000 

0.455 

mo 

0.476 

1249 

0.475 

280 

0.439 

388 

0.786 

532 

0.653 

xoox 

0.47X 

XIIX 

o.68x 

I25o 

0.741 

281 

0.467 

389 

0.966 

537 

0.625 

X006 

0.8x7 

XXX2 

0.558 

I25l 

-0.488 

282 

0.661 

391 

0.497 

557 

0.453 

1007 

0.526 

xxi5 

0.562 

I27I 

+6.481 

284 

o.43a 

392 

0.808 

558 

0.599 

1008 

0.498 

xix6 

0.439 

1272 

-0.585 

a85 

0.539 

394 

0.558 

562 

0.439 

lOIX 

0.443 

XIX7 

0.808 

1284 

—0.497 

a86 

0.468 

395 

0.529 

563 

0.568 

10x3 

0.709 

ixx8 

0.554 

1286 

-0.654 

a87 

0.563 

396 

0.773 

566 

0.565 

xox4 

0.848 

ixao 

o.65o 

1290 

—0.637 

a89 

0.737 

399 

0.673 

567 

0.447 

10x5 

0.469 

xxaa 

0.832 

1294 

-0.663 

a9o 

0.597 

4oo 

0.528 

568 

o.Saa 

10x8 

0.700 

xxaij 

0.523 

1299 

+4.64X 

a9i 

0.582 

4o4 

o.5i8 

57a 

o.493llioaa 

0.538 

1x26 

^  0.593 

1  i3o8 

—0.526 

a93 

0.724 

4o5 

I.5l2 

575 

►     o.44o|io2' 

\     0.454 

xxa7 

+  0.653 

i3io 

— o.83o 

a94 

o.5oo 

4o8 

0.470 

58C 

>     o.B9S\\io2i 

[\    o.556ttii2? 

i+  0.653 

\\i33/ 

—0.490 

1196 

+0.655 

4ir 

+4.450 

58c 

)Wo.A^ 

4\\ioa 

5\— 0.557  ljll2( 

5I-  0.559II 
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Mercury  ... 

Venus 

Earth 

Mars 

Asteroids. 

Jupiter 

Saturn 

Uranus 

Neptune... 


Nsme. 


12 


Dlstanee  tkam  the  Son. 


Mean. 


0.3870984 
0.7233317 
I . 0000000 
I. 623691 

5.202767 
9.538860 
19.18239 
3o. 03627 


OreatesC. 


0.4666997 
0.7282636 
1.0167761 
1.6667796 

5.463663 
10.073978 
20.07630 
30.29816 


3076041 
7183998 
9832249 
38x6o95 

,961871 
, 004432 
.28848 
■77438 


Boeentrldty. 


Sidereal  ReYdution. 


0.2066178 
0.0068183 
0.0167761 
0.0932628 

o. 0482235 
0.0660266 
0.0466006 
0.0087193 


Days. 

87.9692824 

994.7007754 

365.9563744 

686.9794561 

4332.5848o32 
10769. 2197106 
3o686.82o5556 
60126.722 


tj 

D 
ii5 
583 

77S 

396 
376 
36c 
36^ 


Name. 


Longitode  ofthe 
Perihelion. 


Annual 
Variation. 


Lonfitnde  of 
Asoending  Node. 


Variation. 


Inelination  of 
Orbit. 


Annual 
Variation. 


Mean  daily 
Motion. 


Mercury. . . 

Venus 

Earth 

Mars 

Asteroids. 

Jupiter 

Saturn 

Uranus 

Neptune. . . 


74  67  27.0 
124  i4  26.6 
100  XI  27.0 
333  6  38.4 

II  45  32.8 
89  64  4i.2 
168  5  24 
47  17  58.0 


+  5.81 
—  3.24 
+  11.24 
+  I5.46 

+  6.65 
+  19.31 
+  2.28 


46  23  55.0 

76  II  29.8 

48  16  18.0 

98  48  37.8 

112  16  34.2 

73  8  47.8 

i3o  10  12.3 


-10.07 
-20.60 

— 26.22 

-16.90 
-19.54 
-36. o5 


7     o  i3.3 
3  23  3i.4 

I  5i     5.7 

1  18  49.4 

2  29  29.9 
o  46  29.2 

46  69.0 


+0.18 
+0.07 

— o.oi 

— 0.23 

— 0.16 
+o.o3 


245  32.6 

96  7.8 
69  8.3 
3i   26.7 

4  69.3 

2     0.6 

49.4 

21 .6 


Name. 

Time  of 
Rotation. 

Diameter. 

Volume. 

Mass. 

Density. 

Light  at 

Grarlty. 

Apparent. 

In  MUee. 

Aphelion. 

Sun 

Mercury 
Venus.. 
Earth.. 
Mars... 

k.     m.     ». 

607  48 
24     5  28 

23    21    21 

23  56    4 

24  37  22 

1923.64 

6.69 

17.10 

5.8 

889,614 
3,093 

7;9I7 

7,926 

4,261 

1416226 
0.0696 
0.9960 
I. 0000 

O.I364 

354936 
0.0729 
O.9101 
I . 0000 
o.i324 

0.260 
1.226 
0.908 
1. 000 
0.972 

10. 58 
1.94 
l.o34 
0.624 

4.59 
1. 91 
0.967 
o.36o 

28.36 
0.48 
0.90 
1 .00 
0.49 

Asteroids. 
Jupiter- 

9  55  26 

38.4 

92,301 

1491.0 

338.718 

0.227 

o.o4o8 

0.0336 

2.45 

10  i4 

17.1 
4.1 
2.4 

76,181 
36,270 
33,660 

772.0 
86.5 
76.6 

101.364 
14.261 
18.900 

o.i3i 
0.167 

0.32I 

O.OI23 

0.0027 

O.OOII 

0.0099 
0.0026 

O.OOII 

1 .09 
0.76 
1.36 

The  preceding  elements  of  Neptune  are  for  the  heginning  of  1854 ;  the  others  are  for  t] 
ginning  of  1840. 


Table   XXXIY. — Blementb   op  the   Satellites.    463 


EUmenU  of  the  Moon, 


Mean  distance  from  the  earth 

Mean  sidereal  revolution 

Mean  synodical  revolution 

Mean  longitude  Janua^  i ,  1 80 1 

Mean  longitude  of  perigee  at  do 

Mean  longitude  of  ascending  node  at  do. 

Mean  inclination  of  orbit 

Mean  revolution  of  nodes 

Mean  revolution  of  perigee 

Eccentricity  of  orbit 

Diameter  of  the  moon 

Density,  that  of  the  earth  being  i 

Mass,  that  of  the  earth  being  i 


.  59.96435  terrestrial  radii. 
.  27.3ax66i4i8  days. 
.  29.530588715  days. 
.  ii8«»  17'    8". 3. 
.  266®  10'    7". 5. 
.    x3°53'i7".7. 
.      5^^    8' 47". 9. 
.  6798.279  days. 
.  3232.575343  days. 

o. 0548442. 
.2x53  miles. 
.  0.5657. 
.  0.0XX399. 


ElemenU  o/the  Satellites  of  Mare. 


BttalUte. 


BIdflraa 
Bavolutlon. 


Dailj  Motion. 


Dlstanee  ttoax  Man. 


Apparent. 


In  Miles. 


InelinAtion  to 
EeUptic. 


1.  Phobos 

2.  Deimos 


7 
3o 


39.3 
'7-9 


1x28.794 
285.165 


X2.95 
32.35 


5820 
x46oo 


26  6 
26  6 


Elements  of  the  Satelliies  of  Jupiter. 


Sat. 


Sidereal  Rerolution. 


Distance  In 
Radii  of  Japiter. 


Orbit  inclined 

to  Jnpiter'a 

Equator. 


Diameter. 


Apparent.     In  Milee. 


Mass,  tbat  of  Japi- 
ter being  1. 


X  18  27  33.5o5 

3  i3  i3  42.o4o 

7  3  42  33.36o 

16  16  32  IX. 271 


6.04853 

9.62347 

x5.35o24 

26.99835 


007 
016 
o  5  3 
o     o  24 


x.ox5 
0.9x1 
1.488 
1.273 


2436 
2187 
3573 
3o57 


.0000x7328 
.000023235 
.000088497 
.000042659 


Elements  of  the  Satellites  of  Saturn. 


Sat. 


Sidereal  Rerolntion. 


17' 
2. 

33, 


d.    h.  m. 

0  ^  36 

1  8  53 

1  21  x8 

2  17  44  5i 

4  12  25  II 

i5  22  4i  24.9 

21  4  20 

79  7  54  4o.8 


Distance  in 
Radii  of  Sat- 
urn. 


3.i4o8 
4«o3i9 
4.9926 
6.399 
8.932 
20 . 706 
25.029 
64 . 359 


Eccentricity. 


0.06889 

Uncertain. 

o . oo5 I 

0.02 

0.02269 

0.029223 
o.xi5 
0.028a 


Longitude  of 
Peri-Satumium. 


io4  42 

1 84  36 

42  3o 

95 
244  35  5o 
295 
35i  25 


Mean  Longitude. 


264  16  36 
67  56  25 
i58  3x  o 
327  4o  48 
353  44    o 

137    21    24 
32 

269  37  48 


Epoch. 


1789.705 

1789.705 

i836.3o8 

i836.o 

x836.o 

x83o.o 

1849.0 

1790.0 


Elements  of  the  Satelliies  of  Uranus. 


Mean  apparent 
Distance. 


Sat. 


Sidereal  Revolution. 


Days. 

2.52035 

4.14397 

8.705886 

13.463263 


Daily  Motion. 


142^8373 
86.8732 

4x. 35x33 
26.73943 


13.54 
19.28 
33.88 
45.20 


Mean  Distance  in 
MUes. 


1x9994 
170863 
£88600 
385ooo 


Elenunts  of  the  SatelUu  of  Neptune, 

Sidereal  revolution - 5rf.  2ih.  am.  44*. 

Apparent  mean  distance 16". 98. 

True  mean  distance 235,8oo  miles. 

Orbit  inclined  to  the  plane  of  ecliptic i45^ 
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No. 

Name. 

Diicovered 

il 

MeanDls. 
tonoe. 

Eooentrie- 
ity. 

Period. 

VVuea. 

By  whom. 

Where. 

I 

Ceres 

1801,  Jan.  I 

Piazzi 

Palermo 

7'7 

a. 766938 

0.080267 

Deya. 
x68o.a< 

2 

Pallas 

1802,  March  28 

Olbera 

Bremen 

7-9 

2.770386 

0.239367 

1684.2 

3 

Juno 

x8o4,  Sept.  I 

Harding 

Lilienthal 

8.7 

2.668678 

0.266x76 

1692.3 

4 

Vesta 

1807,  March  29 

Olbers 

Bremen 

6.6 

2.36x339 

0.090204 

X326.3 

5 

Astnea 

1845,  Dec.  8 

Hencke 

Driessen 

xo.o 

2.576600 

O.X89992 

x6xo.6 

6 

Hebe 

1847,  July  I 

Hencke 

Driessen 

8.6 

2.4254x8 

0.201667 

1379.6 

7 

Iris 

1847,  Aug.  i3 

Hind 

London 

8.6 

2.386x47 

o.a3o832 

1346.3 

8 

Flora 

1847,  Oct  18 

Hind 

London 

8.9 

2.20x386 

0.166704 

1x93.0 

9 

Metis 

x848,  April  25 

Graham 

Markree 

8.9 

2.385730 

0.I2332I 

1346.9 

lO 

Hy^eia 

1849,  April  12 

Gasparis 

Naples 

9.8 

3.X49373 

0.100667 

2o4x.4 

IZ 

Parthenope 

i85o,  May  11 

Gasparis 

Naples 

9.5 

2.452588 

0.098887 

1402.9 

12 

Victoria 

i85o,Sept.  1 3 

Hind 

London 

9.6 

2.33a8xx 

0.2x8920 

i3oi.4 

i3 

Egeria 

i85o,  Nov.  2 

Gasparis 

Naples 

9.9 

2.576625 

0.084873 

1609.8 

i4 

Irene 

i85i,May20 

Hind 

London 

9-7 

2.689368 

o.x6623o 

X62X.9 

i5 

Eanomia 

i85i,  July29 

Gasparis 

Naples 

9.1 

2.644180 

0.187367 

1670.4 

i6 

Psyche 

i852,  March  17 

Gasparis 

Naples 

XO.I 

2.922762 

o.x 34226 

1826.0 

n 

Thetis 

1 852,  April  17 

Luther 

Bilk 

9.9 

2.4737x0 

O.X26865 

142X.0 

i8 

Melpomene 

i852,  June24 

Hind 

London 

9.5 

2.296060 

0.2x7078 

1270.7 

'9 

Fortuna 

i852,  Aug.  22 

Hind 

London 

9-7 

2.441 368 

0.X67922 

1393.3 

20 

Massilia 

i852,  Sept.  ro 
1 852,  Nov.  r5 

Gasparis 
Goldschmidt 

Naples 

9.3 

2.409386 

0.X43696 

i366.o 

21 

Lutetia 

Paris 

X0.3 

2. 43643 X 

0.X62045 

i388.a 

22 

Calliope 

i852,  Nov.  x6 

Hind 

London 

X0.6 

2.496679 

o.xo363o 

1439.9 

23 

Thalia 

1 852,  Dec.  1 5 

Hind 

London 

XX. 0 

2.628824 

0.231732 

1666.8 

24 

Themis 

i853,April5 

Gasparis 

Naples 

XX. 6 

3.X49947 

0.1x7604 

204X.9 

25 

Phocaea 

i853,April6 
i853,May  5 

Chacomac 

Marseilles 

X0.5 

2.40x060 

0.262633 

1358.9 

26 

Proserpina 

Luther 

Bilk 

X0.7 

2.666079 
2.347305 

0.087621 

i58x.x 

27 

Euterpe 

i853,Nov.8 

Hind 

London 

9.9 

o.x 72896 

i3i3.5 

28 

Bellona 

1 854,  March  X 

Luther 

Bilk 

9.8 

2.776x77 

0. 154607 

1688.6 

29 

Amphitrite 

1 854,  March  X 

Marth 

London 

9.x 

2.554866 

0.O72383 

1491.5 

So 

Urania 

i854,  July  22 

Hind 

London 

10. X 

2.364x99 

0.127174 

1327.8 

3i 

Euphrosyne 

i854,  Sept.  X 

Ferguson 

Wsh'gton 

IX. 6 

3.x56i58 

o.2i6oi3 

2o48.o 

32 

Pomona 

i854,Oct.26 

Goldschmidt 

Paris 

II. 0 

2.689039 

0.0806x7 

I52X.6 

33 

Polyhymnia 

X  854,  Oct.  28 

Chacornac 

Paris 

II. 4 

2.867076 

0.33^987 

1773. X 

34 

Circe 

i855,April6 

Chacomac 

Paris 

II. 5 

2.688302 

0.X08253 

1609.9 

35 

Leucothea 

1 855,  April  19 

Luther 

Bilk 

12. 1 

2.981229 

0.22x026 

1880. I 

36 

Atalanta 

i855,Oct.  5 

Goldschmidt 

Paris 

12.9 

2.748706 

0.297900 

1664.6 

37 

Fides 

i855,  Oct.  5 

Luther 

Bilk 

10.5 

2.64x907 

0.174798 

1668.4 

38 

Leda 

1 856,  Jan.  X2 

Chacomac 

Paris 

10.9 

2.739686 

0.166676 

1656.3 

39 

Laetitia 

x856,Feb.8 

Chacornac 

Paris 

9.3 

2.769387 

0.111075 

i683.3< 

40 

Harmonia 

i856,March3x 

Goldschmidt 

Paris 

9.1 

2.267x48 

o.o46o85 

1246.81 

4i 

Daphne 

i856,May23 

Goldschmidt 

Paris 

10.2 

2.400337 

0.202488 

1358.3 

42 

Isis 

i856,May23 

Pogson 

Oxford 

9.2 

2.439997 

0.226627 

1392. 1 : 

43 

Ariadne 

1857,  April  1 5 

Pogson 

Oxford 

10.3 

2.203838 

0.167666 

1194.9' 

44 

Nysa 

1857,  May  27 

Goldschmidt 

Paris 

9.5 

2.424i63 

0.149334 

1378.6. 

45 

Eugenia 

i857j  June  27 

Goldschmidt 

Paris 

IX. 0 

2.721430 

0.082427 

1639.8. 

46 

Hestia 

1857,  Aug.  16 

Pogson 

Oxford 

10.8 

2.53o335 

0. 166149 

1470. K 

47 

Aglaia 

1857,  Sept.  1 5 

Luther 

Bilk 

12. 1 

2.88x472 

0.129497 

1786.51 

48 

Doris 

1857,  Sept.  19 

Goldschmidt 

1 

Paris 

II. 3 

3.104474 

0.076801 

1997.9: 

49 

Pales 

1857,  Sept.  19 

1 
Goldschmidt 

Paris 

12.2 

3.086916 

0  237804 

1980.0; 

5o 

Virginia 

1867,  Oct.  4 

Ferguson 

VV'sh^gton 

12.6 

2.648628 

3.286967 

1674.4 

5i 

Nemausa 

i858,  Jan.  22      Laurent 

N'ismes 

10. 0 

2.367790  ( 

3.066998 

i33o.8. 

52 

Europa 

i858.  Feb.  4       Goldschmidt 

Paris 

X0.5 

3.0998831 

D. 100938 

1993. 4< 

53 

Calypso 

i858,April4 

Luther 

Bilk 

II  .0 

2.618545 < 

3.206716 

i547.7< 

54 

Alexandra 

1 858,  Sept.  10 

Goldschmidt, 

Paris 

X0.5 

2.707653 < 

3.199006 

1627.3- 

55 

Pandora 

i858.  Sept.  10 

Searle           | 

A^lbany 

XI. I 

2.769831 < 
2.583456 < 

>.x42o86 

i674.6i 

56 

Melete 

1857;  Sept.  9 

Goldschmidt 

Paris 

12.1 

3.227018 

i5i6.6< 

^^^^^^^^^^^^^^^^^^^^^^-^■^^H 

r 

1 

Table   XXXV. — Elemewts  of   the  Asteroids.         468 

1 

)faw 

Lnngitude  of         Lotiglludo  of    j  IncltnatioD  of 

Mmh  d^ilr  ^Metiii  I^jDgllud?    Epoch.  WAshlDiEUifi  mean 

Feiliicliocu       ftiicending  K(m1«.           Orbit 

_                                  r 

MoOao, 

Mt  Epoch.       1                  Ttiue. 

1 

1 

t49  26  i3. I 

0      *       it 

80  4q  54*7 
173  38  33.7 

10  36  27.8 

771.3333 

346  48  1 5. 4 

1859,  Sept.  7.0000 

3 

123     7  38.4 

34  42  29,8 

769.4780 

224  28  25.5 

i856;  May  28.7860 

■ 

3 

54     0  55.8 

170    58    32. 0 

i3     3     9.8 

di3.6848 

to4     3  3i  .1 

i858,  Jan,.  28.7860    J       ■ 

A 

25o  35  29.4 

to3  21    10.3 

7     8     9,1 
5  19  35,2 

977.8433 

2t8  26     1.1 

i858,  April  22.7860/       ■ 

5 

t34  35  35.7 

i4i  a4  48.5 

857.9486 

80  56     2.7 

1849,  Dec.  30.7488  f        ■ 

6 

i5     3  s3.4 

i38  35  19.5 

t4  46  35.4 

939.3481 

124  54  18.6 

1857.  Feb.  1 2. 74881.       ■ 

7 

4i  29  i5.3 

259  46  16. I 

5  28     1.4 

962.  6335 

3aa  34  38.8 

i858j  July  18.7488  ^        V 

8 

32  54  98.3 

no  17  48.6 

5  53     8,o 

to86.33to 

68  48  33.0 

1 848,  Jan.  0.7488 

9 

71     3  55.6 

68  3i   3i.6 

5  36     0.6 

963.8856 

138     6  13*7 

i858,  June  29.7488 

iO 

237  47  58.8 

287  38  34.2 

3  47     9-3 

634*8491 

354  47  47*6 

i85i.Sept  16.7488 

II 

3i6   10     7.1 

ia5     3  4i.T 

4  36  57.9 

923.7824 

283  56  4t.9 

i858,  June  26.7488 

13 

3oi   39  34.7 

235  34  4i*7 

8  23  19.4 

995.6341 

7  42     5.0 

i85o,  Dec.  30.7488 

1 3 

119   13  69.0 

43  17  55.7 

x^  33     6.7 

858.385r 

i38  44  4a. 6 

i85i^  Dec.  5.0000 

i4 

179    28    31 ,9 

86  4o    4.5 

9     7     7-4 

85i.56q8 

67     12    20.6 

i857jNov.  19.7488 

iS 

27  3i     8*1 

293  56  i5.8 
i5o  35  34.0 

[I  43  39.0 

8a5.222o 

238  54     5.1 

1859,  May  It  .0000 

i6 

i3  £6  i4.d 

3     4     6.5 

710.0987 

5o  5t  43. 0 

i860,  Nov.  20.0000 

'7 

259    32    5l .3 

[25  27  i3.3 

5  35  40.7 

911.9760 

2IO     I  24.3 

1856,  April  3.7488 

i8 

t5  II  48. 0 

i5o    4  33.3 

10     8  58.3 

1019.8895 

3o4  33  25.3 

1859,  July  2. 0000 

1 

*9 ; 

3o  22  5o.3 

an    29  28.7 

I    32  28.8 

930.1578 

i48  28  55.8 

1 858,  March  2.7488 

3D 

98  28  37,6 

206  4»  27.6 

0  4i     7-3 

948.7396 

195   16  53.9 

i858,  April  20.7488 

at 

327     2  45.3 

80  37  23.3 

3     5  n.i 

933.5610 

4i  ^4    9.0 

i853j  Jan.  1-7468 

33 

58   16  4i*i 

66  36  54.7 

i3  44  5i.Q 

714.9070 

76  59    2.0 

1852,  Dee.  30.7488 

33 

123  5B  4o.6 

67  38  34.4 

10  i3   i3.6 

832.4617 

380    7  33.7 

1859,  July  10.0000 

■ 

a4 

137  54     9.7 

36   10  3o.3 

0  49     1-6 

634.6753 

3o     a  4i.5 

i856,  Sept.  24.7488 

1 

25 

3os  46     9.0 

2i4    4  54.6 

31  35  53.6 

953.6780 
819.6815 

294  46  i3.f 

1857,  July  9.7488 

1 

3e 

335  17  26.8 

45  53   i4.6 

3  35  4o.3 

id!    21    20.9 

1 857 i  March  19.7488 

I 

37 

87  39     0.0 

93  AA  45.0 

1   35  3i.t 

986.6260 

360   43    32.7 

1 859,  June  13,7488 

■ 

38 

J33  33  48.3 

i44  43     5,4 

9  22  3o.e 

767.4862 

i5q     3  36.^ 

i854tFek  27.7488 

39 

56  39     6.6 

356  26  5f.8 

6     7  49.6 

868.8694 

293   II  33,8,i859,  July  8.7468 

1 

3o 

3i  23  34.7 

3o8  1 3  46.3 

2     5  56.9 

976.0689 

19  3o  34.41858,  Oct.  8.7488 

3i 

93  5i     6.6 

3i  25  23. 0 

26  25  12.4 

632.8o3i 

53  49  5o.3 

1854.  Dec.  30.7488 

33 

193  33  42.5 

aao  48     t.4 

5  38  49. J 

861.7238 

1 34  3o  ao.o 

1660,  Jan.  24.7468 

1 

33 

34o  5i  46. J 

9  16     9.2 

1   56  4i*5 

730.8833 

'266  47  55.8 

1 958^  April  13.7488 

■ 

34 

149  58  35. J 

184  47  10.6 

5  26  33.2 

904.9883 

193  36  37.2 

i855,  April  9.4488 

35 

198  5i   53.9 

355  57  26.3 

8   13   to. 7 

689.3084 

173  36   JI.3 

1860J  Feb.  i4*oooo 

^ 

36 

42    23    25. 0 

359     8  48.4 

[6  43     9.5 

778.6000 

36  19  53.2 

1 855,  Dec.  30.7488 

■ 

37 

66     5  35.8 

8  10  23.4 

3     7  19.3 

826,2860 

4a  J4  3o.3 

1855;  Dec.  30.7488  , 

■ 

38 

joo  4o  28.4 

296  27  47.3 

6  58  31.9 

7Q2.4484 

112  55     7.2 

1855,  Dec.  30.7488 

1 

39 

I  58  57.7' 

t57  19  3i,0| 

10  30  50.7 

769,8940 

i46  AA  19.7 

1 855,  Dec.  31.7488 

■ 

4o 

3     1    5o.o 

93  33     3.9 

4  i5  48.4 

1039.4100 

333    13       9.1 

i856j  June  30.7488 

4i 

23o  at  39.8 

1 80     5  5o.8 

i5  48  23. 0 

954.1100 

203  28  48.5 

i856,  May  31.2468 

■ 

4a 

3t7  59  49.2 

84  3o  43.8 

8  34  3i.8 

930.9425 

347  46  26.0 

i860,  Jan.  0.7488 

■ 

43 

277   i3  54.8 

264  29   12.7 

3  27  47.6 

to84.5i77 

224    4  55.7 

i 857,  April  16.7488 

44 

III  37  52.5 

i3i      i    16.6 

3  4t  4o.8 

940.0780 

378    9  s8.t 

1857,  Dec.  31.7488 

45 

23o     I    to. 3 

i48     5     2.5 

6  34  57.9 

790.3345 

894  33  47*6 

t857,  Dec.  31.7488 

■ 

46 

354  3i     9.9 

181  26  35.3 

2  17  48.6 

881.5347 

197  i5  3a. 5 

t86o,  March  25. 24^        ■ 

47 

3i3  43     9.0 

4  3o  39.9 

5    0  i4.4 

725.4135 

3  48  17.3 

i658,  Feb.  6.7488             ■ 

48  . 

77  37  40.9 

i85  i4     1.8 

6  29  42.8 

648.6710 

9  54  48.6. 

1857,  Dec.  3 1. 7468  \       | 

gi 

33  49  57-9 

290  29  69.9 

3     8  3o.5 

6S4.53i6 

10  3q  30 .3 

1858,  Oct.  3 1. 7488   / 

10       0    13.4 

173  33  18.7 

2  47  53.6 

833.t44o 

3i  4r  25.6 

1857,  Dec.  30.7488  \         H 

5i  : 

175  4i  27.7 

175  39     8.3 

9  36  37.9 

973.8489 

i54  23  36.1 

1857,  Dec.  30.7488  \       ■ 

5a 

102  i4  26.0 

139  56  57.2 

7  34  34.9 

65o.iia7 

t36  26     0.9 
162   27   23. 0 

1857;  Dec.  31.7488           ™ 

53 

93  38  10.7 

i44    4  18.7 

5     6  59.0 

837.3700 

i858,  April  8.2488 

^ 

54 

293  56     0.4 

3i3  5o  17.5 

II   47     90 

796.3741 

346  21   55.3 

i858,Dec.  29.7488   ' 

■ 

55 

It  36     7.4 

JO  57  29.3 

7  1 3  3o.2 

773.8975 

28  26   11.4 

1 858,  Dec.  29.7488 

i 

5§ 

294  58  25.7 

194  52  3i.4 

7  56     2.3 

854.486a 

33o  53  38.oli857, Sept  12.7488 

1 

Go 

J 

^^^^^                                                        ^H 
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ir& 

Tfnme. 

DUcorer^d, 

Mft&ii 

Dlitaace. 

tficity. 

Ptnoa* 

1            WTicd. 

By  wliorn. 

wwpw. 

57 

Mnemosyne 

1859,  Sept.  22 

Lnthcr 

Bilk 

10,9 

3.15728S 

0. io4it6 

Dayi. 
2049  *  ^ " 

58 

ConcordiJk 

1 660,  March  24 

Luther 

Bill. 

11,6 

2.699318 

o.o4i6t9 

i6i9.8( 

59 

Elpia 

1 860,  Sept.  12 

Chacornac 

Paris 

n.3 

2. 7 1 321 5 

0,117133 

i63a.3i 

6a 

Echo 

i86oiSept,  1 5 

Ferguson 

Washington 

[2.2 

2,393879 

o.t8542B 

1 35a.  01 

6t 

DaDa« 

[860,  Sept.  19 

GoldschmiJt 

Paris 

I  1. 7 

3.003977 

0.1GS435 

1901.7c 

62 

Emto 

1860^  Oct.  10 

Fiirsier 

Berlin 

II. B 

3.138731 

0,170159 

2021.3l 

63 

AosDiiia 

1861^  Feb.  10 

Gasparis 

Xiiples 

9-9 

3.395709 

0.125375 

i354.4i 

64 

Angelina 

t86i,Mflrch4 

Tern  pel 

.Mufiseillcs 

10,3 

3,6>t:o963 

0.128206 

i6o3.3: 

65  Icrbelo 

1861,  March  8 

Temp«l 

Marteilles 

ti.3 

3.42o52o 

0,I203l2 

23io.6( 

66 

Mala 

i86j,  April  9 

Tuttlo 

Cainb'ge.U.S. 

ia.7 

2.663544 

0.133916 

1587.7^ 

67 

Asia 

1 86 1,  April  17 

Fogson 

.Madras 

U.6 

2,420899 

0,184439 

i375-8s 

63 

Leto 

t86i,  April  29 

Luther 

Bilk 

10.3 

2.782166 

0.187489 

1695. O] 

^m 

69 

Hesperia 

1 861,  April  29 

Schiaparelli 

Mihin 

12.0 

2.971693 

a, 173831 

1871. i: 

70 

Panopsea 

i86i,May  5 

Goldschmidt 

Paris 

n  .1 

2.613270 

0.183129 

1 543*0; 

71 

Niobo 

i86i,Aai?,  i3 

Luther 

OiLk 

10.8 

2.756160 

0.173729 

1671.31 

72 

Feronia 

[66i^Maj  29 

Foters 

Clinton,  U.S. 

i3 

3*266077 

0.119764 

1245*9^ 

73 

Oytie 

1862,  April  7 

Tuttle 

Camb'gcU.  S. 

i3 

2.666582' 

0,042750 

1590.4c 

74  Galatea 

1862.  Au^.  29 

Tcnjpel 

Marseilles 

[I 

2.778516 

o.2384o5 

1691. 6^ 

75  jEarydico 

1862  J  Sept.  22 

Pciers 

aiDton,U.  S.    ti 

2.670834 

0*306746 

i594«3c 

76  ;Freia 

1 862,  Oct.  21 

D'Arrest 

Copeuhacen     t9 

3.386430 

0.187177 

2276.2c 

77  Friggn 

[862,  Nov.  12 

Pet<?rs 

niinton^U.  S.    n 

2,671924 

o.i358i4 

1595.3: 

78  Diana 

i863y  March  1 5  Luther 

Bilk                  10 

2.623642 

0.203982 

1 55a. 31 

79  Eurynomo 

i863,Sept.  i4 

Wfttson 

Ann  Arbor 

10 

2.44417^ 

0.195333 

1395.71 

60  Sapptio 

1 864,  May  a 

Pogson 

Madras 

10 

3*a9709(? 

0.200478 

1271.6^ 

8 1  Ixerpsichore 

1864,  Sopt.  3o  Tempel 

Marseilles         12,1 

2.854377 

0.2ll2t5 

1761.4' 

83  Alcraeae 

1 864)  Nor,  37   ,Luther 

Bilk                 I12.4 

2.759818 

0. 225938 

1674.6: 

83  Beatrix 

1 865,  April  26  Gusparis 

Nnplea 

10,0 

a. 43 I 644 

o,o85i5c 

i384.9< 

84  0110 

i865,  Aufc.  23 

Luther 

Bilk 

11.8 

2.36i823 

0. 235611 

1325.7^ 

65  lo 

1 865^  Sept.  19 

Peters 

Clinron,U.  S- 

II. 3 

2.653895 

0 . 1 9 1 1 54 

1579.5: 

86  SemelQ 

1866^ Jan.  4 

Tictjen 

Beilin 

i4<o 

3.103545 0.207730 

1997.0: 

87  Sylm 

1866,  May  16 

Fogson 

Madras 

ik5| 

3.49271^610.081176 

j3»4.i^ 

89  Thiabc 

1866,  June  1 5 

Fetera 

Clinton,  U.  S. 

to.o 

2.7687070.165061 

1683.71 

89  Jo  lb 

f866jAag.  6 

Stephan 

Marseilles 

to. 2 

2.549470  0.  i8oo3i 

1486.8: 

90  Antiope 

1866,  Oct.  I 

Luther 

Bilk 

u.o 

3.1576340.201945 

1049.4* 

91'^^ma 

1866.  Nov.  4 

Stephan 

Marseilles 

u.8| 

2. 491 348  lO.  065948 

1436.3: 

92Undiaa        1 

1867;  July  7 

Peters 

Clintcn,  U.S. 

10.8 

3.191261 

0. 104082 

30S3,2( 

9  3,  Minerva 

1867,  Aag,  24   Watson 

Aon  Arbor 

n.6 

2.753810 

o.i33a63 

1669.  l( 

2o55.4< 

94  Aurora 

1867,  Sept.  6     iWntson 

Ann  Arbor 

II 

3.163792 

0.090143 

95  Arethaaa 

1867,  Nor.  23    Luther 

Bilk 

10 

3.069284 

0. 148434 

1964.0! 

96  JEgle 

j 

1668,  Feb.  17 

Coggia 

Jtarseilles 

1 1 

3.055836 

o.i4i558 

ujSi.i* 

97CIotho 

l868»Ffib.  17 

Tempel 

Marseilles 

n 

2. 6686a I 

0.256895 

|i59a,3 

98'Uotlie 

1868,  April  18 

Peters 

Cljntiin,U.S. 

la 

a. 684535 

0.189190 

1606.51 

99iAtroj»lios 

1868,  May  28    iBorreJly 

Mnrecilles 

i3 

9.83397S 

0.342667 

1743.6! 

loaJHecuto 

i868»  July  II 

Watson 

Ann  Arbor 

12 

3 . 098 1 1 1 

0. 1 56623 

1991. 7< 

101 

Helena 

1668,  Aug.  1 5 

Watson 

Aun  Aritor 

10 

2,573119 

0, 139404 

1 507. 61 

t02 

Miriam 

t868,Aug.  22 

Peters 

Clinton,  L\  8. 

I  1 

2.662367 

o.254i8i 

1586.7 

io3 

Hera           i 

t868,  Sept.  8 

Watson         ' 

Ann  Arbor 

to     1 

2.706424 

0*081475 

1626. 3I 

1 04 

Cl/meM 

1 868,  Sept.  i3 

Watson 

Ann  Arbor 

tl 

3.179809 

0,197340 

307I.O( 

io5i 

Artemia 

1868,  Sept.  16 

Watson 

Ann  Arbor 

12.0 

a. 379945 

0.176197 
o.i83i84 

i34i.o« 

^H 

ro6 
107 

Bione 

1868,  Oct.  10 

Watson 

Ann  Arbor 

13.3 

3.i62  3o4 

ao54.0] 

CamUla 

1868,  Not.  17 

Pogson 

Madras 

la.o 

3.380094 

0.048269 

3369. 7f 

108 

Hdcaba 

1869,  April  2 

Lmher 

Bilk 

io«6 

3.2i34ii 

0*  10039Q 

aio4.o] 

109 

Fdicitaa 

1869,  Oct.  9 

Peters 

Clinton,  U.S. 

10. 0 

2.694057 

0,299886 

i6i5.i2 

ito 

Lvdta 

187O1  April  33 

Borrelly 

Marseilles 

11  .D 

3 .693090 

0.080626 

1614.2C 

III 

Ate 

1870,  Aug.  1 4 

Peicfs 

Clinton,  U.S. 

U.O 

2.575614 

0.101397 

1 509.8c 
1388, 4s 

113 

tvtiif^iema 

1870,  Sept.  20 

looters 

Clinton,  U*  S, 

U.O 

2.435656 

0.126398, 

^^^^ 

TaBLC     XXXT.-^ElBMENTS    of    the    AsTEftOtBS.            467 

Kob 

Lmigltad*  lyf 

Loagltaae  of 

lurUn&iloa 

MfMdftlly 

IfCftQ 
UllgltlttUAt     1 

Kpoelu 

Epoch,  U«rlln  meui 

Huibdkn. 

AieeQ4Uif  Nodt. 

of  Orbit 

^otioo. 

Tlroe. 

^7 

53  53  ]3.o 

200    5  a5. t 

9      f         ft 

t5     8     1p6 

653*4633 

•       *        ft 

38  35  35.6 

1860^  Jm.  t  .0 

58 

i84  36  39. s 

!6i   i5  47.3 

5     I  5o.i 

8oo.o652 

186    5  46.9 

i860,  April  i3.5 

i59 

18  19  21.7 

170  30    0.9 

8  37  13.5 

793.9265 

317  18     5.3 

i864,Jaly  3i.o        ' 

6o 

98  19  58.8 

t9a    0  49.1 
334  j6  57.9 

3  34  37*0 

958.5739 

47  55  13.7 

1864,  Oct.  19,7512 

6i 

34a  U  13.7 

td  16  33*9 

681.4933 

73     6  25.4 

1 663;  Jan.  0.0 

62 

34    3     2.8 

126  u   33.8 

2     12    18.4 

64i.i433 

t6o  46  29.3 

1662,  Dec.  29.0 

63 

269  27  5o.5 

338     6     6.7 

5  47  >7-> 

9S6.8777 

34a  57  46.4 

1663,  Nor.  19,0 

i64 

133  38     6.1 

3ii     9  i4«i 

1    19    53,2 

808.2954 

119  24  30.2 

i865j  Jwi.  7.0 

65 

358  20  36.9' 

1 58  53  34*8 

3  38    9,8 

560.8775 

iSo  18  u.e 

1861,  Jan.  0.0 

66 

38  i3    4,7 

8  i3  13.5 

3    3  24.6 

8i6.238i 

188  43  32.5 

1861,  Maj  37.2513 

67 

3o6  19  46*8 

303    4a    22*5 

5  59  33.0 

941.9796 

144  53     4-9 

1 864,  Jan.  i.o 

6S 

345  10     5.0 

44  53  14.3 

7  ^7     9»2 

764.5970 

71   5i  56.6 

1 863,  Nov.  16.0 

69 

109    6  25*4 

187     I     7*3 

8  id  i9«4 

693*6300 

i63  53  3o.4 

1861,  June  3.0117 

-JO 

3oo     3  3o,3| 

48  i4  43*6 

II  38  3o,2 

839.9060 

248  44  4i.8 

1861,  Maj  3d.o 

!  7^ 

221  58  46.8 

3i6  18  48.4123  18  29.5 

775.4436 

343    0  i4.i 

1863,  Jan.  0.0 

7a 

307  53  59.3 

207  44    6,6 

5  33  54<9 

io4o.i4^3 

233  43  39.3 

1 865}  Jan.  0.0 

73 

59  58  32.8 

7  33  43.0 

3    34    39.1 

3  58  18.9 

814*8434 

i5  17  a8.6 

i864;Oct.4 

74 

7  19  35.1 
334  25     8.1 

197  59  43.6 

766.1030 

33     9  33.9 

i863,Feb.  i5,o 

75 

359  55  43.9 

3l3       3    3t.2 

5     0     0.8 

812.8981 

18  13  19*5 

1 863.  Jan.  0.0 

76 

93  5a    4*3 

58  10  4i*8 

3     1  5i.5 

569.3699 

45     8  24.6 

1863,  Oct.  24.5 

77 

3     8  39*0 

2  37  56.3 

8i2,4oio 

3o4  24  52. 0 

[865;  Jan.  0.0 

78 

131    54     8.S 

338  58  57,0 

8  38  39.4 

834.9295 

160     3  35.8 

1 863,  March  9*0 

79 

44  20  33. t 

206  43  4o.o 

4  36  5o.5 

928*5574 

45  5o  i3.3 

1864, Jan.  1.0372 

80 

354  55  25.6 

318  39  12.6 

8  36  33 it 

1019,1535 

358     0  27.4 

i864|Maj  5.0 

81 

4d  29  a8.8 

2  32     6.0 

j  55  36*9 

735.7660 

31  56  37.2 

1864,  Oct  6.0 

82 

i3i   19  4o.8 

26  56  5o,7 

2  5t   i5. t 

773.9020 

io3  5i  54^6 

i865,Fek  16.0 

83 

192  43  16.4 

37  33  43.8 

5     0  i5.8 

935.7507 

3io  53  37.7 

i866;Jiitio  11.0 

84 

339  11   58.1 

337    32       I.I 

9  33  a5.5 

977.5433 

353  4^  43.6 

i865.  Not,  i3.o 

65 

32a  34  3i*5 

3o3  55  58.6 

II  53  i5,8 

820.6933 

353  38  17.6 

1870.  Jan.  0*0 

66 

38  39    4.3 

87  57  i4.& 

4  47  3i.3 

643.9624 

39     8   17.6 

1866.  Jan.  20.0 

'  87 

337  21   3o.o 

76  23  4i.3 

TO    5l     23. 0 

543*5800 

23o  48  53*6 

1866, Jan.  0.0 

8& 

3o8  4o  46.8 

277  43  5i.5 

5  i4  34.8 

770,1788 

3o4  56     3.3 

1 806,  Aug.  4. 5 

H 

353  X 5  59.1 

3it  33  3t*4 

t6  la     1*6 

871.6300 

345  a  53.9 

346  8  36.5 

j866,  Oct  29.0 

90 

294     3  37*3 

71     0  a3.4 

2    17    25.1 

632.3591 

1866*  Oct  18*0 

9»i 

68     9     8.1 

II   36     7.0 

a     9  13. t 

902.3620 

61     6  19.5 

1867, Feb,  8.0 

92 

334  29  39.6 

102  5o  56.1, 

9    56    32*0 

622 . 3906 

378  39  56. 0 

1866, Jao,  0.0 

1  93' 

276  39  54.8 

5     3  sd.o 

8  35  34.9 

776.4367 

343  37  53.6 

1 867, Oct  2.0 

94 

45  22  33.5 

4  33     9*3 

8     5  37.0 

63o.5i39 

35  53  13. 0 

1867,  Nov.  28.0 

95 

38  54  36.4 

244  20  5o*3 

12  52     6,5| 

659.8598 

68   18  i5.7 

1868,  Feb.  12.0        1 

96 

i65   i4  32.7 

333  49  35,9 

16     541.7 

664.2300 

i5i  49  14.7 

1868,  March  1*5      ' 

i  97 

65  33  36. 0 

160  36  34.8 

11  44  58.4 

813.9103 

ia6     8  5o*o 

1866,  Jul.  0.0 

h 

i47  43     7.5354  16  43.3*15  33  35.1 

8o6.683q 

i5o  25  16.9 

1668,  Jan.  0.0 

99 

239     9  29. 9    4i   35     0.7 

f4     0  3i.t 

743.7370 

939     3  12.9 

1868,  May  28 

100 

307    39    47.3  [28    35    II. 0 

6  33  33*3 

650.6701 

3o4  19  58. 0 

1 868, July  i.o 

lOI 

328  40  5i.o  343  35     0.1 

to    4  i9<^5 

859.6400 

346  33  18.1 

1868,  Sept  i4.o 

|ioa355     g  lo.ajati   3a  43. a 

5     6     3.3 

816,7800 

3o3  28  54.0 

i86Bf  Jan.  0.0 

io3 

321   16  47.8  t36  i5  45.9 

5  24  33.3 

796.9*78 

35o     3  39.0 

1 866,  Sept.  1,037a 

io4 

63  It  55.4 

43  46  43.1 

a  53  36.7 

625.7560 

18  34  i4.3 

1868,  Sept.  i4-o 

io5 

34a  36  17.8 

187  54     t.8 

31   38  59.0 

966.3980 

348  54     8.0 

1868,  Oct.  i3.o 

106 

37  13  33.8 

63   i4  47-9 

4  38  3o.5 

63o,9588 

19  36  18.6 

1866,  Oct  1 1.0 

107 

373  46    0.0 

r78  17     0.0 

10  46     0.0 

570.9800 

4o  II     0.0 

1869,  Jao.  1 .0 

108 

175     4  39.6 

352   J9  55.9 

4  34  16*3 

615.9664 

191   25  5a, 3 

1669,^1117  1 5. 5 

109 

55  56    3.2 

4  56     4.4 

8     3  56*1 

802*4l<^2 

34  58  36.8 

1869,  Oct.  9.0 

I  [O 

357  37  4o. 1 

57     4  34.3 

5  59  49.9 

802.8426 

190  45     1.3 

1870,  April  22,5 

tn 

132  53    7,3 

3o6  36  38.4 

5     I  31.4 

858. 3920 

3a8   10  28*3 

1870,  Sept.  0.0 

tia 

337  43  35.8 

324     4  37.2 

2  36  53.0 

933.4300 

10  33  Si.-^ 

1870,001.33.5 

t 
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Ho. 

Kadm, 

muo^BftA. 

il 

Mttui 

IHiitJuioflk 

Eooea- 
IridtT- 

FcrtoA 

Wlini. 

Bf  whom. 

WlMXtt. 

li3 

Amalthea 

1 87 1 J  March  12 

Luther 

Bilk 

It. 7 

2.376719 

0.085967 

Dayi. 

£338.3 

ii4 

CassAndra 

1871,  July  23 

Peterfl 

Clinton,  N.y, 

to. 5 

2.675815 

o.l4oii2 

1698*7 

ii5 

Tbfra 

1871,  Aug.  6 

Watson 

Ann  Arbor 

10.6 

2.379158 

0.194072 

t34o.a 

itG 

Sirona 

1871,  Sept.  8 

Petera 

Clinton,  N.Y. 

ti.3 

2.766876 

0.143284 

1681.0 

117 

Lomia 

1871,  Sept.  12 

Borrelly 

Mairseillcs 

11 ,0 

2.990711 

0.022884 

1889.1 

118 

Pehho 

1872.  March  i5 

Lulbet 

Bilk 

,11.7 

2.438687 

0.160669 

1391.0 

119 

Akhea 

1872,  April  3 

Watson 

Ann  Arbor 

10.2 

2.58237a 

o.o8i48i 

i5i5.7 

120 

LacheaU 

1 872 J  April  10 

BorrcHy 

Marseilles 

II. 6 

3.120334 

0.047600 

30l3.3 

121 

Hermionc 

1873,  May  12 

Wataon 

Ann  Arbor 

tt.i 

3.456775 

0.122787 

2347.4 

122 

Gerd& 

1872,  July  3 1 

Peters 

Clinton,  N.  Y. 

ti.4 

3.219864 

o.o375o4 

2110,3 

123 

BruDhtlda 

1872,  July  3i 

Peters 

Clinton,  N.  Y. 

11 .2 

3.691851 

0.114994 

i6i3.i 

124 

Aleestis 

1872,  Aug.  2  3 

Peter* 

Clinton,  N.  Y. 

10,0 

2.628587 

0.078360 

1553.0 

125 

LitFfiratnx    1 

1872,  Sept,  11 

Pr.  Henrv 

Paris 

10.6 

3.o35a45 

0-346754 

1931.4 

126 

Velleda 

1872^  Nov.  5 

Pa.  Henrv 

Paris 

It  .2 

2.439933 

0.106134 

1392.0 

127 

Johanna 

1872,  Nov.  5 

Pr.  Henry 

Paris 

tt  .2 

2.755037 

0.065939 

1670.3 

I2B 

Nemeais 

i872jNoT.  25 

Watson 

Ann  Arbor 

11*0 

2.75i358 

0.125730 

1666.9 

129 

ADCigone 

[873,  Feb.  6 

Peter* 

Clinton,  N.  Y. 

n.5 

3.875560 

0.206979 

1781. 0 

i3o 

Electra 

1873,  Feb.  17 

Peters 

Clinton,  N.  Y. 

10.7 

3.133899 

0 ,207748 

30i5.7 

i3i 

Vain 

1873,  May  25 

Peters 

Clinton,  N.  Y. 

9.5 

2.4t95o6 

0.081767 

1374.6 

I  32 

Mthm 

1873,  J  tine  i3 

Watjion 

Ann  Arbor 

It. 6 

2,6o254i 

0,379926 

1 533. 5 

i33 

Cyrenc 

1873^  Aug.  16 

Wat.>*ori 

Ann  Arbor 

10.7 

3.060745 

0.137442 

1955.8 

i34 

Sophrasjno 

1873,  Sept,  27 

Lutbcr 

Bilk 

10.6 

2.562797 

o.ii58oi 

1498.5 

l35; 

Herthft 

1874,  Feb.  18 

Peterfl 

Clinton,  N.  Y. 

12,5 

2.429271 

0.204639 

1382.9 

i36 

Austria 

1874,  March  1 8 

Palisa 

Pok 

II. 0 

3.286897 

o.o6484i 

1363,1 

i37 

Melibcea 

[874^  April  21 

Palba 

Pda 

ir.6 

3.133433 

0.208583 

2035.9 

i38 

ToWsa 

[874,  May  19 

Perrotin 

Toulouse 

12.2 

2.449147 

-0.162283 

1399.9 

t39 

J  now  a 

1874,  Oci.  10 

Watson 

Peking 

II  .0 

2,873869 

0*2023  I  3 

1779.5 

r4o| 

Siwa            1 

i874jOct.  i3 

Paliaa 

Pola                ' 

12.0 

2,73i63i 

0.21 6039 

1649.0 

i4i 

Lumen 

1875,  Jan.  1 3 

Pa.  Henrv 

Prtris 

n.4 

2.709467 

o.2233i4 

1629.0 

143 

PolauA 

1875,  Jan.  28 

PaHsa 

Pula 

i3.o 

2.381690 

0.099778 

1342, 4 

i43 

Adria 

1875,  Feb.  23 

Palisa 

Pola 

12.3 

2.756779 

0.07093J 

J671.8 

144 

VibiUft 

1875,  June  3 

Peters 

Clinton,  N.Y. 

10. 1 

2.642348 

0.228620 

1568.8 

i45 

Adooua 

1875,  June  3 

Peters 

Clinton,  N.  Y. 

10.2 

2.693881 

0,212663 

1614.9 

1 46 

Lucina 

1875,  June  8 

Borrelly 

Mnrseilles 

II. 5 

2,722463, 

0,069509 

1640.7, 

l47 

Protogcneia 

1875,  July  u 

Scbulhof 

Vienna 

12*0 

3.i343i6 

0.019315 

2026,7 

i4^ 

Gallia 

[876,  Aug.  7 

Pr.  Heury 

Piiris 

10,8 

2.769810 

0.184674 

1683,7. 

149 

Medusa 

1875^  Sept.  21 

Perrotin 

Toulouse 

i3.o 

2.133744 

0.119369 

1137.6. 

i5o 

N«vva 

1875,  Oct.  18 

Wation 

Ann  Arbor 

[2.0 

2.980671' 

0.1 30673 

1879.6 

i5i 

Abtindantia 

i875yNov.  I 

Palisa 

Pola 

II. 3 

2.599166 

o.o53643 

i53o.5i 

i5e 

Atiik 

r875^N:iv.  2 

Pa,  Henry 

Paris 

It. 5 

3.t36i73 

0.086253 

3028.6: 

i53 

Hilda 

1875^  Nov.  2 

PalisA 

Pola 

12 

3.950390 

o.i63ii3 

2867.8; 

i54 

Bertha 

1875^  Nov.  4 

Pr.  Henry 

Paris 

t2 

3.220994 

0. 1 0008 1 

2tlZ .4' 

i5S 

Scyllft 

1875,  Nov,  8      ' 

Paliaa 

Pola 

12 

2.913675 

0.344S93 

i8t5.6( 

i56 

Xantippe 

I  875^  Nov.  32 

Palisa 

Pola 

12 

3.037540 

0.363701 

t933.6( 

i57 

Dejanira 

1875,  Dec.  I 

Borrelly 

Marseilles 

12 

2.585652 

0.219895 

i5t8.6. 

i5Q 

Coronis 

T876,  Jnn.  4 

Knorro 

Berlin 

tl 

3.990143 

0.292005 

i888.5( 

t59 

j^iiiilia 

iS76»  Jsm,  2G 

Pii.  Henry 

Paris 

12 

3.i25a44 

O.II5535 

3018. Oi 

160 

Uoa 

1876,  Feb.  20 

Peters 

Clinton,  N.  Y. 

II 

2.754181 

0.063683 

1669. 5( 

[61 

Albor 

1876,  April  18 

Wu  tson      1 

Ann  Arbor 

U 

a. 375976 

0, 132903 

1337,71 

[62 

Lauren  tra 

1876^  April  2[ 

Pr.  Henry 

Paris                1 

t2 

3. 02 1  too 

0.165346 

1917.9! 

i63 

Erigooe 

1876,  April  26 

Perrotin 

Toulouse 

12 

2.3545i3 

0.149061 

1 3 19,6s 

[64 

Eva 

1876,  July  12 

Pa.  Henry 

Paris 

12 

2.552525 

0.330751 

[489.5: 

t65 

Lorcley 

1876,  Aug.  9 

Peters 

Clinton,  N.  Y. 

11 

3.138643 

0,073570 

202 I. 3] 

f6fi 

Bhodopo 

1876,  Aug.  i5 

Peters 

Clinton,  N.  Y. 

tl 

3.719938 

0.238576 

[638.4< 

167 

LJrda 

1876,  Aug.  28 

Peters 

Clinton,  N.Y.  12 

3.218607 

0.311933 

2109.11 

168 

Sibjllft 

1876,  Sept.  28 

Waunn 

Ann  Arbor      i  j 

3.378104 

0.067253 

2367.8s 

■ 

^^^^ 
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1 

No. 

LciEvltiidfl  of 

Meaa  dailr 

Mtmn 

Loagltado  at 
Kpoch. 

Epoch,  BcrUo  mean 

F^rlbclkni. 

AiceTidltig  Hode, 

of  Orbit 

MoOcvi, 

Time 

«          r           1/      ' 

0        1         ft 

*     /       ft    ' 

it 

a          f            n 

ii3 

199     I  5i  «4 

123     9  43.4 

5     2  19.8 

968.3664 

i33  37  36.7 

18763  Jan.  19,0 

ii4 

iS3    5  5i,i 

164  24  12. I 

4  54  3r.2 

8 10.6292 

i53  43  57.7 

1874,  Jau, 0.0 

ii5 

42  59  S2«7 

309     5     3.6 

II  34  38.7 

966.8779 

170  59  35.9 
44  58  58.6 

1877,  March  25.0 

it6 

i52  46  53.2 

64  35  4i.6 

3  35  12.6 

770.9425 

1876,  Oct,  23,0 

117 

48  45  40.4 

349  38  42.5 

i4  57  33.3 

686.0336 

358     9  34.4 

i87ijSept.  i5.5 

118 

77  fo  56,6 

47  29  35.2 

7  48     8.1 

931.6920 

160  3a  49.4 

187a,  March  24.5 

119 

M  99  27.6 

2o3  56  4i •2 

5  45     5.4 

855.0239 

296  5 I     0.8 

1877,  Joly  3.0 

120 

234  34  43.1 

342  5o  20.4 

7     I   12.4 

643.7347 

146  27  38.6' 

1877,  Feb.  8.5 

lai 

0  55  19,5 

77     0     5.2 

7  35     2.9 

552,0773 

i64  45  36.1 

1877, March  5.o 

122 

208  52  46.6 

179     0  3t.3 

1   36   17.7 

6i4.ii56 

i85  4i  38.6 

1676^  April  5.0 

123 

7a  56  37.2 

3o8  27  55.9 

6  27  25.4 

803.3968 

|294  43  10.4 

1 676^  July  8.5 

124 

244  39     a. 3 

168  25  1 1. 5 

3  55  5i.8 

833.5744 

3po  33  29.6 

1876,  Aug,  17,0 

125 

25 1   17     6.9 
347  45  5o,3 

171   16  22.7 

6     4  44.2 

670,9900 

3i6     a  35.9 

1872^  Sept,  12,0 

\ 

126 

23     7   xo.o 

3  56     9.0 

930.979a 

[37  4i     6.8 

i874i  Jan,  0,0 

127 

122  37   l5.D 

3i  46  37.6 

8  16  4o.3 

775.9173 

346  35     1.5 

1876,  Sept.  5.5 

128 

16    34    12. 1 

76  3d  4o.o 

6  i5  3i.3 

777.4739 

345  18     6.4 

1875^  April  2  5.0 

129 

24 f     9  5o,7 

i38     I   59.7 

tS     10    53.2 

737.6507 

170  19  5a, 7 

1878,  Jan.  0.0 

i3o 

20  32  35.8 

i46     1     4.822  54  49.5 

642.9368 

3i2  46  19. I 

1875,  Dec.  21 .0 

1 

i3i 

258  34  55.3 

65  i5  27.0    4  38  37.0 

942.7941 

i5o  34     9.7 

i876>eb.  35.0 

l32 

1 52  24     7>7 

s6o     2  20.6  24  59  59.3 

845.io4i 

171  35  10.3 

1877, Feb.  i3.o 

i33 

248  23  46.3 

32t   21  55.9 

7  i3  33.5 

662.6219 

307  16     4*8 

1877,  April  4.0 

1 34 

67  34  19.7 

346    23    19.0 

II  35  48.4 

864.8393 

3  5i   3o.5 

1877,  Sept.  1 3. 5 

i35 

319  49  52.3 

343.58  52.7 

3  18  38.4 

937.1120 

175     3  23.5 

1874, Feb.  25.0 

|36 

3i6  35  33.0 

t86     9  10.0 

9  33  i4.4 

1035.9742 

129  37  55.3 

i877jjftn.  3i.5 

i37 

3io  19  34.8 

3o4  18    4.7 

f3  46  27.4 

639,7040 

228  40  35.3 

1874,  April  21 ,5 

i3y 

3ii  39     7.9 

54  53  14.6 

3  i3  53.7 

935.7398 

160    7  3o.4 

1 877^  Feb.  20.5 

139 

i4o  59  4i*B 

I  39  45.2 

10  i5     1.3 

728,3933 

43  33  18.4 

1874,  Nov.  3.0 

i4o 

3oo  33  ai.6 

107     2  30.5 

3  II   37.7 

785.9111 

toi   23  26.5 

1876;  Jan,  5.5 

i4i 

22  33  40.7 

3i8  58  44.8 

II  33  44.5 

795.5750 

120  i5  44<9 

1875^  Feb.  25. 0 

142 

229  4i  38.8 

292  38  5o.3 

3  19     0,5 

965.3960 

1 46  49  aa.7 

1875,  Mnrch  4*5 

. 

i43 

222  33     i«2 

333  4i   57.6 

II  29  25.4 

775.1830 

i63  49     6.3 

i875,MArch  2  5,5. 

i^m 

144 

8  3o  57.3 

76  44  5r.6 

4  5o  47.7 

826.0790 

289  57  37.0 

1875,  June  29.5 

w 

i45 

u8     7  47*0 

77  43  29.8 

i4  23  56.3 

802,4890 

3o5  J 8     3.7 

1875,  Jan.  0.0 

_i 

i46 

216     3     1.3 

84  i4  17*2 

1 3  i4  46. 0 

789.8850 

257     3   17.7 

1875,  June  21.5 

^ 

147, 

32  39  4i*4 

25i  20  36,8 

I  54  i7.i3 

639.4596 

3io  23  58.4 

1675,  Sept.  3.5 

M 

i48 

35  57  17.6 

145     8  5j.o 

25  2 J  24.3 

769,7300 

0  i4  3i  .2 

1875.  Oct.  8,0 

149 

246  4i   i4«6 

160    7  46.4 

I     5  54.1; 

1139.1950 

342  16  ai.o 

1875;  Sept.  3o.5 

]5o 

352  45  17.0 

207  32  33.5 

3    9     i«4 

689.5030 

16  32  24,6 

1875,  Nov.  2.5 

i5i 

142  II  33.0 

38  46  36.7 

6  16  18.6 

846.7335 

i5i   i4  57.9 

1877,  Jan,  0.5 

l52 

64  22  35. 0 

4i  29    6.0 

12   12  3o.o! 

638.8540 

55  4i   54.0 

1875,  Due.  17,0 

i53 

365     1  35.3 

228  20  38.0 

7  5o  53.4 

45 1 .9050 

34  58  42,3 

1875.  Dec.  19.0 

t54 

168  4t   1S.5 

37  35  43.1 

20  48  54*9 

6 1 3. 7040 
713.7875 

53  3i   35.4 

1875,  Nov.  22.5 

1 55 

62     t     6.0 

42  52     3.0 

i4    4  30. 0 

61     5  55.0 

1875,  Nov.  8.5 

i56' 

i55  57  38.5 

346  10  5t .3 

7  28  38. j| 

670,3300 

83    39    13. I 

1875,  Nov.  27.5 

i57 

109  12  26.3 

62  24  52.7 

II  49  47«s! 

853.3930 

89       3    57.3 

1675,  Dec.  26.5 

i56 

355   10  25.2 

282  48  56.1 

I  23  22.8' 

686.3370 

73    43    37.9 

1876,  Jan.  4.5 

159 

too  4o  1 3. 2 

i35     5  17.7 

6     5  23.3 

64a.3]52 

137    34    17*6 

1877.  Jflo.  4.5 

160 

191   16     8.S 

13     2  5o.4 

3  32     0.4 

776.3790 

t45  II     8.6 

1876,  Jan.  0,0 

.6. 

3i2  55  58.7 

18  33  47.5 

9     9  5o.7 

968.8330 

23o  44  58.0 

1876,  Mftjr  21,5 

[62 

i47  44  25.3 

38  i5     5.0! 

6     3  53.0 

675.7100 

203    33    38.0 

1876,  May  19.0 

1 63 

93  17     4*2 

i58  49  33.9 

4  4o  34.9 

982.1000 

207  4o  54.6 

1876,  May  27.5 

i64 

2  45  34.0 

77  27  10. 0 

34  48     4.0. 

870,0700 

398  5o  48.0 

1876^  July  19.5 

t65 

338  23  22.2 

3o4     0  30,9 

n    10  12.5' 

64i,i684 

19    tS    52.2 

1876,  Sept.  23,5 

166 

261   37  45.4 

129  i4  43,5 

II  4o  35.8 

790.0842 

222       5    25.6 

1876,  Sept.  12.5 

J67 

32    39    22.2 

170    7  25.4 

I  42  i4'5    614.4750 
4  34  33.4    571.4740 

3i7  43  27,4 

1876,  Jan.  0.0 

i68| 

i56     7     0.6 

309  36     6.1 

i64  45  16.3 

i876,NoT.  16.5 

^    J 

^ 

^^                                                                                                                       ^^^ 

J 
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Tabli   XXXY. — Elements  of  the  Asteboids. 


No. 

NttM. 

Dkeotertd, 

II 

FMt 

Wbni. 

B7  vbom. 

WhBrt, 

169 

Zella 

1876,  Sept*  28 

Pr.  Hen  17 

Paris 

M,3 

2*360378 

o.i3i4o2 

Daj 

l324< 

170 

Mariii 

1877,  Jan*  10 

Perrotin 

Toulouse 

11.7 

3.55494G 

0.063945 

1491* 

171 

Opbetia 

1877^  Jan.  i3 

Borrelty 

MariCiIles 

ra.  I 

3.147061 

0.117695 

3039, 

172 

BaiicU 

1877,  Feb.  5 

Borrelly 

MareeiUei 

10.4 

3*379945 

o.i|33oi 

(34i. 

173 

loo 

1677,  Aug.  2 

Borrelly 

Marseilles 

11*0 

3*744859 

0*204869 

1661* 

174 

Phaedra 

1877,  Sept,  3 

Watson 

Ann  Arbor 

u*7 

3*863839 

o.f5«485 

1770* 

175 

1877,  OcLi 

Watifon 

Ann  Arbor 

II  ,9 

3*503760 

o,348o85 

3395* 

176 

Idtmna 

1877,  Oct,  i4 

Feterv 

Clinton,  N,  Y» 

13*3 

3^190424 

0. 164324 

308  [* 

177 

Irtim 

1 8  77 J  Nov.  5 

Pa*  Hearjf 

Paris 

I3il 

3*757941 

0.233943 

1673. 

178'Bell^iiQA 

i877jKov,  G 

PaMfia 

Pola 

II. 3 

3*459133 

o.o58i53 

[4o8* 

t7g|cij'temnei&ni 

1877,  Nor,  I  a 

Wat£on 

Ann  Arbor 

11*4 

2*973847 

0.108773 

1873, 

iSoiGarumDA 

1 878^  Jan.  29 

Toulouse 

t3*3 

2.738162 

0.170774 

1 645. 

iSi 

Eacharii 

i878,F«b.  2 

Coitenot 

MnrseiUea 

ti.i 

3.119434 

□.319706 

2012, 

iBa 

Eba 

1878,  Feb.  7 

FaUfla 

Fola 

It.O 

a.4i73S8 

0*186180 

1373. 

t83 

Utrift 

1S78,  Feb.  8 

Potlsa 

Fola 

13,6 

3,802373 

o*353ott 

1713. 

I  €4 

Detopeia 

1878,  Feb.  38 

Palisa 

Fola 

13*3 

3.188269 

0*073539 

3079* 

1 85 

Eamke 

1878,  March  t 

Feterf 

ainton,  N.  T* 

IO-3 

2.738318 

0*  126838 

i655. 

186 

Oeluta 

1878,  April  6 

Pr,  Henry 

Paris 

11,4 

a. 362 5s 3 

0* 1 61299 

i336. 

187 

Lamberia 

1878,  April  n 

Coggia 

Marseilles 

ir*4 

3*739820 

0*335396 

1 656. 

i8S 

Menippe 

1878,  June  18 

Fetors 

Clinton,  N.  T* 

t3*o 

3.821093 
2.45o4S6 

0*317340 

t73o. 

i$9 

Pbthm 

1878^  Sopt,  9 

Peter* 

Clinton,  N.  Y, 

11,4 

o*o35583 

t4ot. 

190 

IsmeQe 

1878,  Sept  22 

Peter$ 

Clinton,  N.  Y\ 

ti.4 

3.937835 
2*889316 

0.161663 

fi^54' 

191 

Kolga 

1878,  Sepi.  3o 

Peters 

Clinton,  N.  T. 

11,7 

0.081970 

1793. 

192 

Nnqsicaa 

1879,  Feb*  17 

Pallia 

Pola 

9*3 

3.4o355i 

0.345890 

t36o* 

193 

Ambrofiia 

i879jFeb.  28 

Coggja 

Marseilles 

ta«2 

3*5758oS 

0*385373 

1609. 

19^ 

Frocna 

T879,  March  21 

Fetor* 

Clinton,  N.  Y. 

ro.3 

s. 619444 

0*237338 

1 548* 

195 

Euryclela 

1879,  April  33 

Faliaa 

Pola 

13.3 

3.872249 

0.092246 

1777- 
1982. 

196 

Philomela 

1879;  Majr  17 

Peters 

Clinton,  N-  Y. 

10. 1 

3.088104 

o.oo54i3 

197 

Arete 

1879,  May  31 

Palisa 

Pola 

12.7 

2.743128 

0*164731 

1659. 

19S 

Ampella 

1879,  JuTto  I  3 

Borrelly 

I^fnrseilles 

It. a 

3. 4541  to' 

0*335396 

i4o4. 

199 

BjbHa 

1879^  July  9 

Peter! 

Clinton,  N\  Y. 

13. t 

3.305760 

0.163316 

2096, 

300 

DjDBtneae 

1879,  July  37 

Pelera 

Clinton,  N,  Y. 

11*3 

3. 737736 

o*i335i9 

1654. 

201 

Peaelope 

1879,  Ayg.  7 

Paliaa 

Pok 

I2*a 

3.677355 

0. 1S3057 

1600* 

202 

Chrysejfl 

1879,  Sepu  11 

Peterm 

ClintotJ,  N.  Y. 

10.7 

3.084416 

0*007096 
0*059473 

197S. 

2o3 

Fomp»eia 

1879,  Sept.  25 

Peters 

aititon,  H.  Y. 

It.O 

3. 738908 

1655. 

2o4 

Cmllinto 

1879,  Oct,  8 

Pnlisa 

Pola 

tfl,o 

2.673761 

0*175511 

1596. 

205 

Martha 

iS79,Oct.  1 3 

Paliaa 

Pola                 1 

13.5 

2.777094 

0.034837 

1690. 

206 

Hcrailia 

1879,  Oct,  1 3 

Petera 

Clinton,  R  Y. 

307 

Eedda 

ie79jOct.  17 

Palm 

Pola 

U.5 

3.234834 

0.0397S0 

1261. 

308 

Lacrjiaoea 

1 8  79  J  Oct,  21 

Palifia 

FoU 

ia.3 

3*871746 

o.o5t38i 

1777, 

209 

Dido 

1879,  Oct,  22 

Peters 

Clinton,  N.Y. 

ti*3 

3.146399 

0,064378 

2o38. 

210 

Isabella 

1879^  Nov.  12 

Falisa 

Pola 

ts.o 

2,745361 

0. i36io4 

i66i. 

2U 

Isotda 

1879,  Dec,  10 

Foiisa 

Pola 

to. 7 

3,046439 

0. 154069 

1942. 

212 

Medea 

1880,  Feb.  6 

Faliaa 

Pola                 ' 

11*8  3.1  t5o33 

0,106268 

3008. 

2l3 

Lila^ 

1880^  Feb.  10 

Fcters 

Cliotc.ij,N.Y. 

13.5 

2.756309 

0.1 4370 I 

1671* 

2l4 

Ascbcra 

18S0,  March  t 

Falim 

Fola 

II. 9 

3.6ix334 

o*o33oo4 

i54i* 

2X5 

(Ed  0  tie 

1880,  April  7 

Knorre 

Beriln 

i3.o 

3.766235 

0.0336 1 3 

1680. 

2[6 

Cleopatra 

iSSOj  April  to 

Palisa 

Pola 

10*5 

3*7.95298 

0.3493321 

1707. 

317 

Eadom 

J  880,  Aug.  3o 

Coggia 

Marseilles 

i3.3 

2*875860 

0*306677 

1781. 

aiS 

Bmnca 

1880,  Sept.  4 

Pallea 

Fob 

11.9 

3.667709 

0* 1 1 5370 

1591. 

219 

Tboinelda 

f83o,  Sept,  3o 

Palba 

PoU 

11*6 

3,3S4ii7 

0.224319. 

1319. 

220 

Stephaoift 

t88i,May  20 

Palija 

Vienna 

i4*6 

3*366590 

0 . 36S294 

1339. 

22J 

E[>s 

1882,  Jan.  18 

PaUsa 

Vienna 

10*5 

3.010236 

o.io35t6 

1907, 

222  Lacia 

ia8ajFeh,  9 

FaUsa 

Vienna 

12.9 

3*ii5445 

o*i3834t 

30O§^ 

223jRo53 

1883,  March  9 

Falisa 

Vienna 

t3.9 

3.094034 

0.118557 

1987 

224|0cemyi 

!833jMarcb  3o| 

Falisa 

Vienna 

12. 0 

2.646534 

o*o4553s 

i57f 

Table  XXXV. — Elements   of  the    Asteroids. 
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Ko   1    '*°^t"'3e  ^ 

Loogtttida  of 

InelinAlkm 

UflttndollT 

MeHh 
Kpoch. 

Epochs  Derlln  mcAit 

^**'  1      PvrlUelloo. 

AwsMidlag  Node. 

of  UrMi, 

Motion. 

Tim*. 

169336  53  35.9 

0 
354  37     3.7 

0          '             u 

5  3o  49.9 

978.5035 

<t        f         ft     \ 

43  48  43,3 

1880,  Oct.  3o.o 

170 

95  47  >9*^ 

3oi    19  3a. 8 

i4  23  5o.3 

866.8379 

348   3i   42.6 

1879,  Aug.  23,0 

171 

t43  35  43,3 

101    10   II   a. 

a  33  49.0 

635.5487 

66  57  28,8 

1881,  Dec.  9.0 

172 

328  35  42.0 

33i   5i   30,9 

10     X   21,3 

966.398a 

30O     7  49.7 

i88zj  April  i3.o 

173 

i3  37  5o»o 

i48  35  5o,o 

14  14  35,7 

780.2369 

19a     16    22.3 

1880.  Mnrch  29,0 

174 

353  26     9,1 

328  5a  14.8 

13  10  38-7 

732.1355 

147  42  37,6 

1880,  Jan.  29,0 

175 

393     9  49-8 

23  34     7*9 

3  46  35.0 

54i .0099 

l53    53    11.0 

i88ij Jan.  3,o 

176 

20  49  36.8 

301   n   49 >6 

23    3t    33.1 

632,636o 

247  25  i4.o 

1 881  j  May  33.0 

177 

25  a  38.6 

348  59  55.1 

I  36     3.5 

774.6933 

43  34    7.0 

1877,  Dec.  7.5 

I7&,268  i3  16.5 

5o  4i     8,4 

1  56  44.3 

930,0970 

39     a  46.6 

1877,  Nov.  7.5 

m 

354  53  23,4 

353  i5  44.0 

7  47  52.6 

692,2357 

309  1 5     7.6 

1881,  JiiJy  33,5 

180 

126  34  32.3 

3i5     I   i3,i 

0  53  33,1 

787,4130 

339  44  36.0 

1879^  Jnne  33.0 

t6i 

95  45     2.4 

i44  46  32.9 

18  35  33.8 

644*0102 

21 3  25  43.6 

1879,  Jtme  3.0 

183 

54  38     7.9 

106  29  33,8 

2     0  20.3 

944.0487 

3o6  5o  3o,5 

1880,  Jaij.  0.0 

i83 

44  59  36,2 

i42  46     2.7 

26  3o  10.2 

756.3767 

99  11   17,8 

187S,  Feb.  10. 0 

184 

169    S2    20,4 

336  18  3o.i 

I   12  24.5 

633.2669 

36  53  54.3 

1881,  Oct.  3o,o 

165 

i5  45     6,6 

i53  5o     8.0 

33  i5  43,6 

783.0773 

i5i     7  34.6 

1878,  March  5.5 

i86 

327  10  33.9 

i4  33  56,0 

i3  10  55.2 

977.1085 

16  It   5i,6 

1879,  Dec.  18,5 

187 

2i3  35  47.0 

22  16  34.7 

to  42  16,8 

782.3914 

319     3  53,4 

i879jOct,  1.0 

188 

309  39  39.7 

24t  46     7.9  tt  21   16,1 

748,825o 

272  46  43,5 

1878,  Jnly  5.5 

189 

6  5o  1 5.2 

2o3  31  57,3 

5     9  33,0 

924.9882 

142  29  37.0 

i8ao,Peb,  18,0 

190 

io5   17  i3/3 

177     I  54.1 

6     7     0,6 

454.0674 

36  i3  55.1 

1878^  Oct.  26.0 

191 

16    23    11,6 

159  52  47,6 

II   33  37.7 

722,4983 

10  55  45.8 

1878,  Nov.  i5.5 

192 

10  36  46.9 

343  19  l3,o 

6  5a  39*8 

953.5933 

261  38  57,1 

1880,  Miiy  8.0 

193 

70  5i   3i.i 
319  4o  32*5 

35t  i4  33,4 

ti  38  33.2 

858.3960 

139  4o    6,9 

i879jMarcb  25,5 

194 

159  23  19.2 

18  24  33*3 

836.9383 

3i3     1   21,7 

i88o,Juljr  i4.5 

195 

106  4^  24.4 

8  2r  5t,2 

7  i5     4*4 

728.9100 

199  5i  55,6 

1879,  Mnj  24.5 

196 

352  so  58,9 

73  28  39.6 

7  16  38.0 

653.8370 

201   34  43.8 

1879,  Jijue  i3,o 

197 

334  45  56.6 

82     8     5.3 

8  47  25.3 

780.9746I267  24  49.2 

1879^  June  27,5 

198 

354  5o  57.5 

268  48  34.3 

9  17  18.9 
i5   18  3o.5 

922.9325 

29a  45     9.7 

1879,  July  11,5 

199 

260  49  36.0 

90  35     4*1 

618.1730 

270  4a  43.2 

1879.  Jul j  25.5 

200 

46  38  21,0 

3a5  25  49.2 

6  55  3i.8 

7S3.2609 

353  36     5.6 

1879J  Not.  7,5 

301 

334  38  53,1 

157     5  55,4 

5  43  38,8 

809,9320 

335     6  5o.3 

1879.  Sept.  13,5 

203 

127  43  18.2 

137  48  23.7 

8  47  59,9 

655.0080 

17  12  46.7 

1879.  Dec,  7,5 

flo3 

43  24  19.8 

348  37  57,7 

3  13  46.5 

782.7813 

tai    10  53*0 

leBiiJaji,  37.5 

204 

267  32  3o,o 

2o5  4o  t4.3 

8  19  39.0 
to  39  58.3 

dL3.oi85 

3o  34  J8.7 

1880.  Jim,  9.0 

so5 

206 

307 

21   54  12.7 

213    13    18.9 

766.6919 

137  5o  i5.3 

1881,  Jan,  23.5 

217  43  24.7 

28  52     9.5 

3  49  41.7 

1027,3643 

17a  55  14,7 

i88ijFob,  34.5 

208 

333  1 3  4o«i 

7  46     3.7 

I  58     3.0 

739.1020 

37  i5  31.5 

1879,  Nov,  12,5 

309 

256  18  It. 5 

I  57  5i.i 

7  i4  33.8   635,7494 

334  37  i3.6 

i884|  Sept.  4.0 

3[0 

56  42  17.1 

33  46  34*9 

5  n  43.1 

780,0227 

5a  36  58.4 

1879,  Dec  If  .5 

311 

74  12  26.5 

365  28  45.5 

3  5o  52.6 

667,2953 

98  33     4.5 

1880,  April  6,5 

SIS 

55  3o  35.4 

3i5  17  23.3 

4  17  44.5 

645.3786 

i5  33  17.9 

i883;Scpl.  3o.o 

3l3 

281     4     7.2 

133    17    20.9 

6  46  44.3 

775.3800 

ti6  49  34.1 

i884t Jim.  8.0 

ai4 

109  27  29.8 

349    34    20.6 

3  37  13.7 

840.8391 

t43     3  3t .6 

1 884 J  Feb,  17,0 

2l5 

341   18     8.5 

25  34  33.5 

I  43  19.0 

771,1899 

306  58  25.8 

i880yMarch  29.0 

9l6 

32  t4  36.4 

ai5  49     6,7 

i3     3  17,4 

759.2144 

17  59  58.1 

1882,  Sept,  i5,o 

ai7 

3i4  54  16,5 

t64    0  3t.o 

10  16  11.9 

737,5370 

333  18  57.5 

1880,  Sept.  |3.5 

218 

33o  i4  20.8 

170  49  t4>5 

i5  13  35.7 

814.3367 

294  17     5.5 

1884,  July  26.0 

219 

330 

34o  31  47.7 

200  43  3o,o 

10  46  40,7 

982.3475 

263  5a  33.7 

i883,Mayi3.o 

33a  5a  68.9 

258  23  45-3 

7  34  53.6 

974.5908 

367  44  4i.i 

i88i!May  3t,5 

331 

33i     6  16,7 

i4a  3i   51.9 

10  5i     6,8 

679,3723 

3i3  i3  48.7 

i884>Jiily  a€.o 

333 

260  I 3  4a, 3 

80  24  16.7 

a  II   13.3 

645,3478 

174  ti  4d.5 

18&3,  April  7.5 

233 

I03  48  30,9 

48  59  4o»6 

I   59  20.6 

65 I* 9603 

i58  34  57*711883, March  38,5 

224 

270  5o  36. 0 

353  18  i3.8 

5  5a  35.4 

834.1189 

216  4o  35,8li883,3ui\fe  ii-^ 

472 


Table  XXXVI. 


Far  Sines  and  Tangent*  of  small  Ares, 


An. 


a 
3 
4 
o  5 
6 

7 

8 

9 

o  lo 

II 

12 

i3 

i4 

o  i5 

i6 

I? 
i8 

19 

O  80 
21 
22 
23 

ai 
o  26 

26 
27 
28 
29 

3o 
3i 

32 

33 
34 
35 
36 

37 
38 
39 
4o 
4i 
42 
43 
44 
45 
46 

47 

48 

So 
5i 

52 

53 

54 

»  55 

56 

57 
58 

\  60 


Log.  Sine. 


Inf.  Neg. 
6.4637201 
6.7647561 
6.9408473 
7.0657860 
7.1626960 
7.2418771 
7.3088239 
7.3668157 
7.4179681 
7.4637255 
7.5o5ii8i 
7.5429065 
7.5776684 
7.6098530 
7.6398160 
7.6678445 
7.6941733 
7.7189966 
7.7424775 
7.7647537 
7.7859427 
7.8061458 
7.8254507 
7.8439338 
7.8616623 
7.8786953 
7.8950854 
7.9108793 
7.9261190 
7.9408419 
7.9550819 
7.9688698 
7.9822334 
7.9951980 
8.0077867 
8.0200207 
8.0319195 
8.0435009 
8.0547814 
8.0657763 
8.0764997 
8.0869646 
8.0971832 
8.1071669 
8. I 169262 
8.1264710 
8.i358io4 
8.1449532 
8.1539075 
8.1626808 
8.1712804 
8.1797120 
8.1879848 
8.1961020 
8.2040703 
8.2118949 
8.2195811 
8.2271335 
8.2345568 
8.84i8553 


Log,  tin.  JL-Aog.  AT.  PUClcr.l  Log.  Tangent.  |Loi.tan.A-tog.  A 


4.6855748,7 
5748,6 
5748,4 
5748,1 

5747,7 

4.6855747,1 
5746,5 
5745,7 
5744,7 
5743,7 

4.6855742,5 
5741,3 
5739,8 
5738,3 
5736,7 

4.6855734,9 
57330 
6731  o 
5728,8 
5726  6 

4.6855724,2 
5721,7 
57190 
57163 
57134 

4.6855710,4 
5707,3 
5704,0 
5700^6 
5697,2 

4.68556935 
5689,8 
5686,o 
5682,0 
5677,9 

4.6855673,6 
5669,3 
5664,8 
566o  2 
5655,5 

4.685565o,7 
5645,7 
564o,6 
5635,4 
563o,i 

4.6855624,6 
5619,1 
56i3,4 
5607,6 
56oi,6 

4.6855595,5 
5589,4 
5583,1 
5576,6 
5570,1 

4.6855563,4 
5556,6 

5549,7 

5542,6 

5535,5 

4.6855528,2 


0,01 
,o3 
,o5 
,07 
,09 

,'5 

,»7 

,19 

0,21 

'"t 

'?® 

'l" 
0,33 

,34 

,36 

'i° 
0,42 

,44 
,46 

,5o 
o,5a 

,54 
,56 
,58 
,60 

0,62 
,64 
,66 
,68 
,70 

0,72 
,75 
,77 

779 

,81 

o,83 

,85 

,87 
,89 

)9i 
0,93 

,95 
,97 
,99 
1,01 
i,o3 
,o5 
,07 
,09 

,»5 
,17 
,19 
,21 


Inf.  Neg. 

6.4637261 

6.7647562 

6.9408475 

.0657863 

.1626964 

.2418778 

.3088248 

.3668169 

.4179696 

.4637273 

.5o5i2o3 

.5429091 

.5776715 

.6098566 

.6398201 

.6678492 

.6941786 

.7190026 

.7424841 

.7647610 

.7859508 

.8061547 

.8254604 

.8439444 

.8616738 

.8787077 

.8950988 

.9108938 

.9261344 

.9408584 

.9550996 

.9688886 

.9822534 

, .9952192 

8.0078092 

8.0200445 

8.o3i9446 

8.0435274 

8.0548094 

8.o658o57 

8.0765306 

8.0869970 

8.0972172 

8.1072025 

8. 1 169634 

8.1265099 

8.i3585io 

8.1449956 

8.1539516 

8.1627267 

8.1713282 

8,1797626 

8.i88o364 

8.1961556 

8.2041259 

8.2119526 

8  2196408 

8.2271953 

8.2346208 

8.2419215 


.  DifflO". 


4.6855748,7 
5748,8 
5749,2 
5749,8 
5750,6 

4.6855751,7 
5753,1 

5754,7 
5756,5 
5758,6 

4.6855760,9 
5763,5 
5766,3 
5769,4 
5772,7 

4.6855776,2 
5780  o 
5784,1 
5788;4 
5792.9 

4.6855797,7 
58o2  7 
58o8o 
58i35 
58192 

4.6855825  2 
583i  5 
5838o 

5844:7 
585i;7 

4.6855858,9 
5866,4 
5874,1 
58821 
5890,3 

4.6855898,7 
5907,4 
5916,4 
5925,6 
5935  o 

4.6855944,7 
5954,6 
5964,8 
5975,2 
5985,8 

4.6855996,7 
6007,9 
6019,3 
6o3o,9 
60428 

4.6856o54,9 
6067,3 
6079,9 
6092,8 
6io5,9 

4.6856119  2 
6i32,8 
6i46,7 
6160,8 
6175,1 

4.6856189,7 


0,02 
,06 
,10 

,18 
0,22 
,27 
,3i 
,35 
,39 
0,43 

,47 
,5i 
,55 

,59 
o,63 

,67 

,7' 
:7C 
,80 
0,84 
,88 
,92 

,96 
1,00 

i,o4 
,08 

," 
,'6 
,20 

1,25 

,29 
,33 

,37 

,4. 

1,45 

,49 
.53 

,61 
1.65 

;69 

,74 
,78 
.82 
86 
90 

94 
98 

02 
06 
10 

i4 

18 

23 

27 
3i 
35 

39 
i43 


2 

2 
2 

o  2 
2 
2 
2 
2 

o  3 
3 
3 
3 
3 

o  3 
3 
3 
3 
3 

o  4 
4 
4 
4 
I 

o  4 
4' 
4 
4i 
4< 

o  5i 
5 
5i 
5; 
5. 

o  5 
51 
5 
51 
5 

o  6 
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For  Sines  and  Tangents  of  small  Ares. 


Arc 


I     o 

X 

3 

4 

X  5 

6 

7 
8 

9 

X  lO 

II 

12 

x3 

x4 

I  i5 

i6 

n 

i8 

19 
x  20 

21 
22 
23 

a4 

I  25 

26 
27 
28 
29 

I  3o 
3i 

32 

33 

34 

I  35 

36 

37 
38 
39 

I  4o 
4i 
42 
43 
44 

I  45 
46 

47 
48 

I  5o 
5x 

52 

53 

54 

I  55 

56 

57 
58 

x  60 


Log.  Sine. 


8.24x8553 
8.2490332 
8.2560943 
8.263o424 
8.2698810 
8.2766136 
8.2832434 
8.2897734 
8.2962067 
8.3o2546o 
8.3087941 
8.3x49536 
8.3210269 
8.3270163 
8.3329243 
8.3387529 
8.3445o43 
8.35oi8o5 
8.3557835 
8.36i3x5o 
8.3667769 
8.3721710 
8.3774988 
8.3827620 
8.3879622 
8.3931008 
8.3981793 
8.4o3x99o 
8.4o8i6i4 
8.4130676 
8.4179190 
8.4227168 
8.4274621 
8.432i56i 
8.4367999 
8.4413944 
8.4459409 
8.45o44o2 
8.4548934 
8.4593013 
8.4636649 
8.4679850 
8.4722626 
8.4764984 
8.4806932 
8.4848479 
8.4889632 
8.4930398 
8.4970784 
8.5010798 
8.5o5o447 
8.5089736 
8.5128673 
8.5167264 
8.52o55i4 
8.5243430 
8.5281017 
8.5318281 
8.5355228 
8.5391863 
8.5428192 


Log,  win.  A— log.  A".|l>ifl:  10" 


4.6855528,2 
5520,8 
55i3,2 
55o5,6 

5497,8 

4.6855489,9 

.5481,9 

5473.7 
5465,5 

5457,1 

4.6855448,6 
5439,9 
543i,2 
5422,3 
54i3,3 

4.68554o4,i 
53q4,9 
5385,5 
5376,0 
5366,4 

4.6855356,7 
5346,8 
5336,8 
5326,7 
53i6,5 

4.68553o6,x 
5295,7 
5285,1 
5274,4 
5263,5 

4.6855252,6 
524i,5 
523o,3 
52x8,9 
5207,5 

4.6855x95,9 
5x84,2 
5x72,4 
5 1 60,4 
5x48,4 

4.6855x36,2 
5i23,9 
5x11,4 
5oo8,9 
5o86,2 

4.6855073,4 
5o6o,5 
5o47,4 
5o34,3 
5o2i,o 

4.6855oo7,6 
4994,0 
4980,4 
4966,6 
4952,7 

4.6854938,6 
4924,5 
4oio,2 
4895,8 
488 1, 3 

4.6854866,7 


X,24 

,26 
,28 
,3o 

,32 

1,34 

,38 
,40 
,42 
x,44 
,46 

,52 

x,54 
,56 

,62 

x,64 

,66 

,68 

',75 
,77 

;?? 

,83 
1,85 

'V 
,89 

1,95 
,97 

!99 
a,oi 

2,o5 

,07 

2,l5 

,17 

,22 
2,26 

,28 
'1° 

,34 
3,36 

,4o 
,4a 
M 


Log.  Tangent. 


8.24x92x5 
8.249x015 
8.256x649 
8.263xx53 
8.2699563 
8.2766912 
8.2833234 
8.2898559 
8.2962917 
8.3026335 
8.3o88842 
8.3i5o462 

8. 321X221 

8.3271x43 
8.3330249 
8.3388563 
8.3446xo5 
8.3502895 
8.3558953 
8.36x4297 
8.3668945 
8.3722915 
8.3776223 
8.3828886 
8.38809x8 
8.3932336 
8.3983x52 
8.4o3338i 
8.4o83o37 
8.4x32x32 
8.4180679 
8.4228690 
8.4276176 
8.4323i5o 
8.4369622 
8.44x56o3 
8.446ixo3 
8.45o6i3x 
8.4550699 
8.4594814 
8.4638486 
8.4681725 
8.4724538 
8.4766933 
8.4808020 
8.485o5o5 
8.489x696 
8.4932502 
8.4972928 
8.5012982 
8.5052671 
8.5092001 
8. 5 X 30978 
8.5169610 
8.5207002 
8.5245860 
8.5283490 
8.5320707 
8.5357787 
8.5394466 
8.543o838 


Log.  tail.  A — lan.  A".l}itllv'.      Arc. 


4.6856x89,7 
6204,5 
6219,6 
6234,9 
625o  4 

4.6856266,2 
6282,3 
6298,6 
63i5,x 
633x,9 

4.6856348,9 
6366,2 
6383,7 
640X.5 
64x9^5 

4.6856437,8 
6456,3 
6475,0 
6494,0 
65x3,2 

4.6856532,7 
6552,5 
6572,4 
6592,6 
66i3,x 

4.6856633,8 
6654,8 
6676,0 
6697,4 
6719,1 

4.6856741,0 
6763,2 
6785,6 
6808,3 
683x,2 

4.6856854,4 
6877,8 
6901,4 
6925,3 
6949,5 

4.6856973,9 
6998,5 
7023,4 
7048,5 
7073,8 

4.6857099,5 
7x25,3 
7154,4 
7x77,8 
7204,4 

4.685723x,2 
7258,3 
7285,6 
73x3,2 
7341,0 

4.6857369,1 
7397,4 
7425,9 

7454,7 

7483,8 

4.68575x3,1 


2,47 
,5i 
,55 

,59 

,63 

2,68 

,80 

,84 
2,88 

r92 

,96 
3,00 

,o4 
3,08 

,17 

3,29 

'^ 

,37 

,45 
3,49 

,61 

,66 
3,70 

,82 

3,90 
,94 

4,02 
,06 

,^9 

,23 

4,3x 
,35 

;39 

,43 

,47 

4,5  X 

,55 

,60 

,64 
,68 

4,72 
,76 
,80 
,84 
,88 


X     o 

I 
2 
3 
4 
X  5 
6 

7 
8 

9 

X    xo 

XX 

12 

x3 

x4 

I   i5 

x6 

17 
x8 

19 
X  20 

2X 
22 
23 
24 
X  25 
26 
27 
28 
29 

X  3o 
3x 

32 

33 

34 

X  35 

36 

37 
38 

39 

I  4o 

4i 
42 
43 
44 
I  45 
46 

47 
48 

49 

X  5o 

5i 

52 

53 

54 

I  55 

56 

57 

58 

59 

I  60 


474  Table   XXXVII. — Numbers  often  used  in   Calculations. 


Constants. 


Logaiithms. 


Area  of  a  circle  to  radius  i 
Circumference  of  a  circle  to  diameter  x 
Surface  of  a  sphere  to  diameter  i 
Airea  of  a  circle  to  diameter  i 
Capacity  of  a  sphere  to  diameter  x 
Capacity  of  a  sphere  to  radius  i 
Diameter  of  a  circle  to  area  x 
Diameter  of  a  sphere  to  capacity  x 


h 


TT      =  3.i4x59^6536 


=     7r-r.4= 
=  4^-7-3 = 

=   M      = 


0.78539,8x634 

0.53359,87766 

4.x8879,o2o48 

X.  12837,91671 

X.  34070,098 1 8 

1.77245,38609 

9.86960,44011 

0.31830,98862 

o.ioi32,ii836 

=     2.71828,18286 

=     0.43429,44819 

=     X.  14473,98868 

=    67.29677,96x30 

=  3437.74677,07849 

=206264  •  80624,70964 

=     .01746,32926 

=     .00029,08882 

=     .00000,48481 

=     .  00000,96963 

=      .00001,46444 

=         1296000 

=  86400 

=  43200 

=  6280 

=       365.26637,44x7 

=       366.24221,6787 

=         — .  00000,00669 

=  86x64.09966,888 

=  86164.09064,9806 

=  86636.66534,883x4 


Base  of  Naperian  logarithms 
Modulus  of  the  coixmion  logarithms 
Naperian  logarithm  of  n 

C  degrees 
Arc  equal  to  radius  expressed  in<  minutes 

(  seconds 
Length  of  one  degree  in  parts  of  radius 
Length  of  one  minute  in  parts  of  radius 
Sine  of  x  second 
Sine  of  2  seconds 
Sine  of  3  seconds 

3  60  degrees  expressed  in  seconds  of  arc 
24  hours  expressed  in  seconds  of  time 
12  hours  expressed  in  seconds  of  time 
Number  of  feet  in  one  mile 
Sidereal  year  in  mean  solar  days 
Tropical  year,  x86o,  in  mean  solar  days 
Annual  variation 

Sidereal  rotation  of  earth  in  mean  solar  seconds 
Sidereal  (t.  «.,  equin.)  day  in  mean  solar  seconds 
Mean  solar  day  in  seconds  of  sidereal  time 
Acceleration  of  «ars  in  solar  day=  \  ^^^;«^35.-  sidere^W 

Compi^ssion  of  the  earth  =  i  ^299 . 1 628  x  8 

Equatorial  radius  of  the  earth  in  English  feet  =  20923699 .  98 

Polar  radius  of  the  earth  in  English  feet  =  20863667  •  ^6 

Degree  of  latitude  at  the  equator  in  English  feet  =  362748.33 

Degree  of  latitude  at  46°  in  English  feet  =  364671 .77 

i     TFrench  toises  into  French  metres  =  i .  94903669 

8      French  toises  into  English  yards  =  2.i3i63o84 

French  toises  into  English  feet  =  6.39469262 

t  ]  French  feet  into  English  feet  =  x  .06676642 

^   French  metres  into  English  yards  =  x  .093633067 

3      French  metres  into  English  feet  =  3.280899167 

a     [French  metres  into  English  inches  =  39.37079 

British  imperial  gallon  in  cubic  inches  =  277.274 

Cubic  inch  distilled  water  in  grains  (B.  3o  in.  T.  62°)=  262 .468 

'in  lbs.  avoirdupois  =  62.32106067 

in  oz.  avoirdupois  =  997.13696914 

Weight  of  cubic  foot  of  water  ^  in  lbs.  Troy  =  76.7374 

in  oz.  Troy  =  908.8488 

ingrains  =436247.424 

Length  of  seconds  pendulum  in  inch-^  ^^f^°"      =        aJ^'J^J^J 

(  New  York=         39 . 1 01 2 

Velocity  of  faUing  bodies  in  inches  in^  ^,1°"      =       lll'frll' 

one  second  at  J  5"'"*^    ,=       ?p^'^oo' 

i  New  York=      386 . 9 1 337 


ii 


0.4971499 

9.8960899 
9.718998b 
0.6220886 
0.0624661 
0.0936671 
0.2486749 
0.9942997 
9.6028601 
9.0067003 
0.4342946 
9.6377843 
0.0687030 
1.768x226 
3.5362739 
6.3144261 
8.2418773 
6.4637261 
4.6866749 
4.9866049 

6. I 62696 I 
6 . X 1 26060 
4.9366137 
4.6364837 
3.7226339 
2.6626978 
2.6626810 

4.9353264 
4.9353263 
4.9377012 
2.3739328 
2.3727453 
7.6241069 
7.3206364 
7.3191823 
5.6696064 
5.5617830 
'0.2898200 
0.3286916 
0.8068129 
0.0276716 
0.0388716 
0.6169929 
.1.696x741 
2.4429090 
2.4021891 
1.7946348 
2.9987548 
X .8793104 
2.9684916 
6.6397329 
X. 6926129 
1.6926019 
I .592190X 
2.6869126 
2.68680x6 
2.6864898 


EXPLANATION  OF  THE  TABLES. 


Table  I.,  page  357,  contams  the  Latitudes  and  Longitudes  of 
the  principal  foreign  Observatories,  taken  chiefly  from  the  Ameri- 
can Nautical  Almanac.  Li  several  cases,  these  numbers  differ 
slightly  from  those  given  in  the  English  Nautical  Ahnanac  and 
the  Berlin  Jahrbuch. 

Table  II.,  page  358,  contains  the  Latitudes  and  Longitudes 
of  various  places  in  the  United  States.  This  list  is  designed  to 
embrace  the  large  cities,  the  astronomical  observatories,  and  the 
principal  colleges  of  the  country.  A  few  of  the  determinations 
are  derived  from  the  observations  of  the  United  States  Coast 
Survey  ;  others  have  been  derived  from  the  labors  of  numerous 
private  observers ;  while  many  have  been  taken  from  maps  which 
are  confessedly  very  imperfect.  It  is  hoped  that  before  many 
years  this  Table  may  be  very  much  improved. 

Table  IIL,  page  359,  serves  to  convert  hours,  minutes,  and 
seconds  into  decimals  of  a  day,  and  vice  versa. 

Example  1.  It  is  required  to  convert  14L  17m.  16.4s.  iaU 
khe  decimal  of  a  day. 
^e  find  from  the  Table, 

14h.  =.5833333 

17m.  =  .0118056 

16s.  =.0001852 

0.4s.  =.0000046 

Hence         14h.  17m.  16.4s.  =  .5953287 

The  equivalent  for  0.4s.  is  derived  from  the  equivalent  for  4s. 

by  removing  the  decimal  point  one  place  to  the  left. 

Example  2.  Let  it  be  required  to  convert  0.5953287  day 
into  hours,  minutes,  and  seconds.     We  find  from  the  Table, 
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.69 

14h, 

9m.  36s. 

.005 

7   12.0 

.0003   = 

25.92 

.00002  = 

1.73 

.000008  = 

.69 

.0000007= 

.06 

Hence  .5953287 = 14h.  I7m.  16.408. 

The  number  of  seconds  corresponding  to  .00002  is  obtained 
firom  the  little  table  of  proportional  parts  at  the  bottom  of  page 
359.  Thus,  if  .0002  is  equivalent  to  17.28s.,  .00002  must  be 
equivalent  to  1.728s. ;  and  we  may  proceed  in  the  same  manner 
for  other  fractions. 

Table  IV.,  page  360,  serves  to  convert  intervals  of  mean  solar 
time  into  equivalent  intervals  of  sidereal  time. 

Example,  It  is  required  to  find  the  sidereal  interval  corre- 
sponding to  the  mean  solar  interval,  2h.  22m.  25.62s. 
2h.   Om.   Os.      solar  interval  equals  2h.   Om.  19.713s.  sid.interv. 
'     22       0  "  "  22       3.614 

25  "  "  25.068  " 

0.62  "  "  0^22_       " 

2h.  22m.  25.62s]  solar  interval  equals  2h.22m.49.0T7s]  sid.  interv. 

The  metho3  of  converting  mean  solar  time  into  sidereal  time 
is  explained  on  page  123. 

Table  V.,  page  361,  serves  to  convert  intervals  of  sidereal 
time  into  equivalent  intervals  of  mean  solar  time. 

Example.  Find  the  mean  solar  interval  corresponding  to  the 
sidereal  interval,  2h.  22m.  49.02s. 
2h.  Om.   Os.      sid.  interval  equals  Ih.  59m.  40.341s.  solar  interv. 

a2   0       "     u     21  56.396 

49      "     "        48.866     " 

0.02_    "     "   0.020     " 

2h.  22m.  AQ'm's.siA.  interval  equals  2h.  22m.  25.623s.  solar  interv. 

The  method  of  converting  sidereal  time  into  mean  solar  time 
is  explained  on  page  125. 

Table  VI.,  page  362,  serves  to  convert  degrees,  minutes,  and 
seconds  of  space  into  hours,  minutes,  and  seconds  of  time.     It  is 
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founJed  oa  the  ratio  of  15  degreus  to  1  hour.  The  Right  As* 
canaioos  of  the  heavenly  bodies  are  sometimes  expresi^ed  in  arc, 
but  generally  in  time. 

Example.  The  Right  Ascension  of  a  Lyrae  for  January  1, 
1855,  Is  277'  59'  ST'-GO.  Required  its  Right  Ascension  ex- 
pressed in  time. 

The  Equivalent  in  time  for  277''    0'  0"     is  18k  28m.    Os. 
«  "  59  0       **  3     56 


I 


51 
0.60 


3.40 

0.04 


W      The  Right  Ascension  in  time  is  18h.  31m.  o9.44s. 

In  taking  out  the  equivalents  for  tenths  of  seconds  of  space, 
we  may  use  the  units  in  the  seconds  column  as  arguments, 
taking  care  to  remove  the  deemial  piint  of  the  corresponding 
equivalent  one  place  to  the  left.  Thus  the  eqiiivalent  for  6''  is 
0.4s.,  and  for  0".6  the  equivalent  is  0.04s. 

Table  YII.,  page  363^  serves  to  convert  hours,  minutes,  and 
iieconds  of  sidereal  time  into  degrees,  minutes,  and  seconds  of 
space. 

Example.  The  Right  Ascension  of  a  Lyne  for  January  1, 
1855,  is  iHh.  31m  59.44s.  Required  its  Right  Ascension  ex- 
pressed in  are. 

The  Equivalent  in  arc  for  18k    Cm.  Os.    is  270^    0"    0" 
"  "  31      0       **      7   45     0 

"  "  69  14  45 

«  «  0.44 "  6  .60 

The  Right  Ascension  in  arc 


is  277^  59^  51  \60 


Table  VIII.,  pages  364-5,  furnishes  the  amount  of  atmos- 
pheric refraction  for  all  altitudes  from  the  horizon  to  the  zenith. 

This  Table  was  constructed  by  the  hit^  Professor  Bessel,  of 
Kbnigsherg,  and  is  now  more  generally  used  than  any  other, 

■  It  requires,  in  addition  to  the  observed  apparent  altitude,  an 
observation  of  the  height  of  the  barometer,  upon  which  depends 
the  factor  B ;  of  the  thermometer  attached  to  the  barometer, 

■  upon  which  depends  the  factor  t :  and  of  the  temperature  of  the 
I   **xtemal  air,  upon  which  depends  the  factor  T,     If  the  attached 
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thermometer  is  not  observed,  we  may  assume  that  its  indioa- 
tions  are  the  same  as  those  of  the  external  thermometer. 

The  refraction  may  be  computed  either  by  natural  numbers 
or  by  logarithms.  The  latter  method  is  the  most  accurate,  as 
the  corrections  required  for  small  altitudes,  indicated  by  the  £bu> 
tors  M  and  N,  can  be  conveniently  applied  only  with  logarithms. 
When  the  altitude  is  not  very  small,  and  the  greatest  accuracy 
is  not  required,  the  use  of  logarithms  may  be  dispensed  with. 

By  natural  Numbers, 

From  the  accompanying  Table,  take  the  mean  refraction  cor- 
responding to  the  observed  altitude ;  take  the  factor  B,  corre- 
sponding to  the  height  of  the  barometer ;  also,  take  the  factor  ty 
corresponding  to  the  attached  thermometer,  and  the  factor  T, 
corresponding  to  the  external  thermometer.  Multiply  these  four 
numbers  together,  and  you  will  obtain  the  true  refraction. 

Example,  The  observed  apparent  altitude  of  a  star  was  34° 
11^  15^^ ;  the  barometer,  28.856  inches ;  the  external  and  the 
attached  thermometers  both  stood  at  -f  19.6°  Fahr.  It  is  re- 
quired to  compute  the  refraction. 

Mean  refraction  for  34°  IV  15^^ V  24"^8. 

Barometer,  28.856 ;      Factor  B,  0.975. 
Factor^,   1.001. 


Thermometer,  19.6°  ^  ^^^^^  ^^  ^^^^ 

Product,         0.975  x  1.001  x  1.061   =  1.0355. 
True  refraction  =  84^''.8  x  1.0355 = V  2T\S. 

By  Logarithms, 

Take  from  the  Table  the  factor  log.  B,  corresponding  to  the 
height  of  the  barometer ;  also  the  factors  log.  t  and  log.  T,  cor- 
responding to  the  attached  and  external  thermometers.  Take 
also  the  values  of  log.  A,  as  also  M  and  N,  corresponding  to  the 
apparent  altitude.  Multiply  the  sum  of  log.  B  and  log.  ^  by  M ; 
also,  multiply  log.  T  by  N.  Take  the  algebraic  sum  of  these 
products  (regard  being  had  to  their  signs),  and  add  to  it  log.  A, 
and  the  logarithmic  cotangent  of  the  apparent  altitude.  The 
sum  will  be  the  logarithm  of  the  refraction  expressed  in  seconds 
of  arc.     This  rule  is  expressed  more  concisely  thus : 
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The  logarithm  of  the  refraction  is 
=log.  cotangent  app.  alt.  +  log.  A+M(log.  B-f  log.  t)  +  H  log.  T. 
Example  1.  The  observed  apparent  altitude  of  a  star  was  3P 
44^  40^^ ;  the  barometer,  30.162  inches  ;  the  attached  thermom- 
eter, 52.2°  Fahr. ;  and  the  external  thermometer,  46.6°  Fahr. 
Required  the  refraction. 

log.  factor  B,  30.162 
log.  factor  tj    52.2°  Fahr. 
log.  factor  T,  46.6°  Fahr. 

Apparent  altitude,  3°  44^  40^ 

log.  cotang.,  3°  44"  40" 

iog.  A, 

1.0187x(Iog.  B+log. /), 
1.1753  X  log.  T, 


-h0.00821 
-0.00078 
4-0.00183 
M  =  1.0187 
N  =  1.1753 


1.18412 
1.68084 
+  0.00757 
-f  0.00213 
log.  refraction,     2.87466 
Refraction        =12"29"".3. 
Example  2.  The  observed  apparent  altitude  of  a  star  was  6^ 
46"  40"";  height  of  the  barometer,  29.772  inches;  the  attached 
thermometer,   —0.4°  Fahr.;    and  the   external   thermometer, 
—  2.0°  Fahr.     Required  the  refraction. 


log.  cot.  6°  46'  40" 

0.92500 

M= 1.0079 

log.  A 

1.73061 

N  =  1.0794 

log.  B            =+0.00256 

log.  <              =+0.00127 

log.  B+log.<= +0.00383 

M(log.  B+log.  t) 

0.00386 

log.  T             =+0.04545 

Nlog.T 

0.04906 

log.  refraction, 

2.70853 

The  refraction: 

=8'  31".13 

i'able  IX.,  page  366-7,  contains  J;he  coefficients  for  computing 
the  corrections  required  for  transit  observations  at  the  latitude 
of  Washington  Observatory. 

The  column  headed  Azimuth  contains  the  value  of  the  factor 
sm.  (^—(5)  sec.  d,  computed  for  ^=38°  53"  39""  for  all  altitude? 
firom  the  south  horizon,  corresponding  to  a  north  polar  distance 
140^,  to  the  north  horizon,  corresponding  to  north  polar  distance 
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—38°.  The  column  headed  Level  coucams  the  value  of  the 
jhctor  COS.  (^— <5)  sec.  d,  in  the  same  manner  for  every  degree 
of  altitude ;  and  the  column  headed  Collimation  contains  the 
value  of  sec.  6.  Near  the  pole,  the  values  of  these  coefficients 
change  very  rapidly,  and  it  is  more  convenient  to  compute  spe- 
cial tables  for  such  stars  as  are  frequently  observed.  Page  367 
exhibits  the  form  of  such  tables  for  Polaris,  X  and  d  Ursas  Mino- 
ris,  and  51  Cephei,  both  for  the  upper  and  lower  culminations. 

The  use  of  tiiis  Table  has  been  sufBciently  explained  on*  page 
73,  and  several  preceding  pages. 

Table  X.,  pages  368-371,  furnishes  the  reduction  to  the  me- 
ridian for  a  star  observed  a  few  minutes  before  or  after  its  me- 
ridian passage.  It  enables  us  to  compute  more  readily  the  cor- 
rection to  be  appUed  to  the  zenith  distance  observed  near  the 
meridian,  in  order  to  obtain  the  true  meridional  zenith  distance. 
This  correction  may  be  put  under  the  following  form : 

sm.  z  \     sm.  z     J 

,  .      2  sin.2  iP        ,  T.     2  sin.*  iP 

where  A= — : — ^f— ,  and  B= — -. — ^f— . 

sm.  V^  sm.  V^ 

2  sin  *  iP 
Part  I.  shows  the  value  of  the  factor  — -. — ^^,  and  the  ar&^u- 

sm.  V^  ° 

ment  of  the  table  is  the  distance  in  time  of  the  sun  or  star  from 

the  meridian.     This  value  (or  the  sum  of  those  values  divided 

by  the  number  of  observations,  if  more  than  one  observation  has 

been  made)  must  be  multipUed  by  — '-?- '—,  and  the  product 

subtracted  from  the  zenith  distance  (corrected  for  refraction,  etc.) 
of  the  sun  or  star  observed  near  the  meridian.  The  difference 
thus  obtained  will  give  the  true  meridional  zenith  distance  of 
the  sun  or  star  as  correctly  as  if  it  had  been  observed  precisely 
on  the  meridian. 

When,  however,  the  distance  from  the  meridian  is  considera« 
ble,  and  when  great  accuracy  is  required,  this  value  must  be 
further  corrected  by  the  addition  of  the  value  of  Part  Second,  oh 

page  371,  multiplied  by  ^^^-^ycot.  z. 

If  the  chronometer  does  not  go  accurately  during  the  obsenra- 
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tions,  a  farther  correction  is  requirod  for  rate.     The  last  eoliimn 
pf  page  371  furnishes  tlie  lo£Tarit]ini  of  this  correction  for  a  daily 
kss  or  gain  of  the  chronometer^  varying  from  0  to  30  seconds. 
An  example  of  the  use  of  tliis  Table  will  be  found  on  pages 


Table  XL,  pages  373-3,  is  for  determining  the  equation  of 
^ual  altitudes  of  the  sun.  If  the  sun's  declination  remained 
be  same  from  the  forenoon  to  the  affcernoon  ob«enrations,  it  is 
krident  that  half  this  interval,  added  to  the  time  of  the  first  ob- 
ervation,  would  give  the  time  of  apparent  imwjn  as  sliown  by 
lie  chronometer.  But  as  the  sun's  declination  is  continually 
changing,  a  correction  must  bo  applied  on  account  of  this  varia- 
tion. This  correction  is  called  the  equation  to  equal  a/tififdeSy 
iand  may  be  reduced  to  the  lorm 

x^  —  A  .  /i .  tang,  <^+  B . ^ .  tang,  d 

T 
Page  372  furnishes  the  value  of  — — -. — ^jivt  which  is  repre* 

Bented  by  A.     This  must  be  multiplied  by  the  hourly  variation 

of  the  8tin*s  declination  (considered  as  negative  when  the  sun  is 

proceeding  toward  the  south),  and  abo  by  the  tangent  of  the  kt- 

T 

itude  of  the  place.     Page  373  furnishes  the  value  of  — -= i^ttt^j 

^  ^  30tan.  7iT 

which  is  represented  by  B*     This  must  be  multiplied  by  the 

hourly  variation  of  the  sun's  declination,  and  abo  by  the  tangent 

of  the  sun's  declination  at  the  time  of  apparent  noon  on  tlie  given 

day.     The  sum  of  these  two  quantities,  taken  with  their  proper 

signs,  is  the  correction  required. 

An  example  of  the  use  of  this  Table  w^ill  be  found  on  page  129. 

Table  XII.,  pages  374—7,  furnishes  the  angle  of  the  vertical, 
the  logaritlim  of  the  earth's  radius,  and  the  length  of  a  degree 
of  the  meridian,  and  also  of  a  parallel  of  latitude  for  every  de- 
gree of  latitude  from  the  equator  to  the  pole.  In  computing  the 
parallax  of  the  moon,  we  must  employ  the  geocentric  latitude, 
which  is  eipial  to  the  obsorvetl  latitude  minus  the  angle  of  the 
vertical ;  and  we  must  also  employ  the  horizontal  parallax  be- 
longing to  the  place,  which  may  be  found  by  adding  the  li3ga- 
rithm  of  the  horizontal  parallax  at  the  equator  to  the  logarithm 

H  H 
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of  the  earth's  radius,  which  in  Table  XII.  is  set  against  the  given 
latitude.  The  use  of  these  numbers  is  explained  on  pages  184 
and  185. 

The  length  of  a  degree  of  the  meridian  and  of  a  parallel  is 
constantly  needed  in  Geodesy,  and  will  be  frequently  found  use- 
ful to  the  astronomer.  This  Table  is  taken  from  the  Berlin 
Jahrbuch  for  1852  ;  but  the  length  of  a  degree  of  longitude  and 
latitude,  which  is  there  given  in  toises,  has  been  carefully  con- 
verted into  English  feet,  and  it  is  hoped  will  be  found  correct  to 
the  last  decimal  place. 

Table  XIII.,  page  378,  shows  the  augmentation  of  the  moon's 
semi-diameter  on  account  of  her  apparent  altitude,  computed 
from  the  formula  page  200,  where  its  use  has  also  been  explained. 

Table  XIV.,  page  378,  shows  the  quantity  by  which>the 
moon's  equatorial  horizontal  parallax  must  be  diminished  to  ob- 
tain the  horizontal  parallax  belonging  to  any  other  latitude. 
This  reduction  is  given  for  three  values  of  the  moon's  equatorial 
parallax,  viz.,  53^,  57^,  and  6V ;  and  for  any  other  value,  the 
equatorial  parallax  may  be  easily  found  by  interpolation.  The 
use  of  this  Table  will  be  understood  from  Art.  210,  page  186. 

Table  XV.,  page  379,  furnishes  the  parallax  of  the  sun  and 
planets  for  all  altitudes  above  the  horizon.  The  horizontal  par- 
allax is  to  be  sought  for  at  the  top  of  the  page,  and  the  altitude 
on  either  the  right  or  left  margin.  If  the  given  horizontal  par- 
allax is  not  found  exactly  in  the  Table,  the  parallax  in  altitude 
may  be  obtained  by  interpolating  between  the  numbers  given  in 
the  Table. 

Since  parallax  always  tends  to  diminish  the  true  altitude  of  a 
body,  we  must  add  the  parallax  to  the  observed  altitude  in  or- 
der to  obtain  the  true  altitude,  or  we  must  deduct  it  from  the 
observed  zenith  distance  in  order  to  obtain  the  true  zenith  dis- 
tance. 

Table  XVI.,  pages  380-3,  furnishes  the  moon's  parallax  in 
right  ascension,  and  also  in  deoUnation  for  Cambridge  Observa- 
tory.    The  form  of  the  Table  is  somewhat  complicated,  as  it  re- 
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quires  three  independent  arguments,  viz.,  the  moon's  declination, 
horizontal  parallax,  and  hour  angle.  The  Table  is  computed  for 
a  declination  of  0°,  5°,  10°,  15°,  20°,  and  25°  ;  for  a  horizon- 
tal  parallax  of  53%  57',  and  61' ;  and  for  every  five  or  ten  min- 
utes of  hour  angle  from  the  meridian.  For  any  value  of  these 
quantities  not  contained  in  the  Table,  a  double  or  triple  interpo- 
lation may  be  required.  If,  however,  we  neglect  the  second  dif- 
ferences, this  interpolation  may  be  readily  performed  as  follows : 
Find  what  number  in  the  Table  corresponds  most  nearly  to  the 
given  declination,  horizontal  parallax,  and  hour  angle.  Call  this 
number  the  approximate  parallax,  and  compute  the  correction 
which  should  be  added  or  subtracted  on  account  of  the  variation 
of  the  given  arguments  from  the  arguments  of  the  Table.  This 
method  will  be  understood  from  the  following  example. 

Example,  Required  the  moon's  parallax  in  right  ascension 
and  declination  for  Cambridge  Observatory,  when  the  moon's 
declination  is  19^  58'  9".4  N.,  the  horizontal  parallax  of  the 
place  60'  14".7,  and  the  moon's  hour  angle  3h.  47m.  23.50s. 

For  Right  Ascension. 

The  nearest  declination  in  the  Table  is  20^  ;  the  nearest  hori- 
zontal parallax  is  61' ;  and  the  nearest  hour  angle  is  230m.  The 
corresponding  parallax  on  page  381  is  163.47s.  The  given  hour 
angle  is  less  than  230m.  by  2.61m.  To  find  the  correction  for 
2.61m.,  we  form  the  proportion 

10m. :  2.61m. : :  4.62s. :  1.20s. 
The  given  horizontel  parallax  is  less  than  61'  by  45".3.     To 
find  the  correction  for  45".3,  we  form  the  proportion 
240^' :  45".3 ::  10.79s. :  2.03s. 
The  given  decimation  is  less  than  20^  by  110".6.     To  find 
the  correction  for  110^'.6,  we  form  the  proportion 
5°  or  18000" :  110".6 ::  4.47s. :  0.02s. 
The  required  parallax  will  therefore  be 
163.47s. 
-1.20s. 
-2.03s. 
-^  .02s. 

160.22s.,  which  corresponds  well  with 
the  result  on  page  250. 
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jFbr  Declination. 

The  approximate  parallax,  found  in  a  similar  manner  from 
page  383,  is  1802^^0,  which  corresponds  to  Dec.  20°  N. ;  hori- 
zontal  parallax?  61^ ;  and  hour  angle,  220m.  The  corrections 
for  variation  of  the  proposed  arguments  from  the  preceding  ar- 
guments are  found  by  the  proportions 

20m. :  7.39m. ::    67"^8 :  25'^0,  the  correction  for  hour  angle. 

240^':45'^3  ::  119^^7  :22'^6,  the  correction  for  horizontal 

parallax. 
18000'^ :  110'^6 ::  193^^3 :    1^^2,  the  correction  for  declination. 

The  required  parallax  will  therefore  be 

1802^^0 + 25^^0  -  22^^6 + 1''^2 = 1805^^6, 
which  differs  less  than  a  second  from  the  result  on  page  250, 
and  this  discrepancy  arises  from  our  having  neglected  second 
differences  in  interpolation. 

When  it  is  required  to  compute  a  long  series  of  occultations 
and  eclipses  for  a  particular  place,  it  is  convenient  to  have  a  ta* 
ble  of  parallaxes  like  the  preceding,  and  then  the  subsequent 
computation  occupies  but  a  few  minutes.  With  but  little  addi- 
tional labor,  this  Table  might  be  very  much  expanded,  so  that 
the  parallaxes  for  any  arguments  might  be  taken  out  by  mero 
inspection. 

Table  XVII.,  page  384,  contains  the  angles  formed  by  the 
intersection  of  a  vertical  circle  and  hour  circle  for  every  degree 
of  declination  from  29°  north  to  29°  south,  and  for  every  ten 
degrees  of  hour  angle  from  the  meridian  to  the  horizon.  A 
knowledge  of  these  angles  is  convenient  in  all  observations  of  the 
moon,  out  of  the  meridian,  but  especially  in  observing  eclipses 
and  occultations.  The  method  of  computing  this  Table  has  been 
explained  in  Art.  145.  Every  astronomer  will  find  it  conven- 
ient to  compute  a  similar  table  for  his  own  observatory. 

Table  XVIIL,  page  385,  shows  the  correction  to  be  added  to 
the  moon's  declination  in  computing  an  occultation  or  eclipse. 
The  reason  of  this  correction  has  been  explained  in  Art.  228. 
The  declination  of  the  moon  is  given  to  every  half  degree  in  the 
first  column,  and  the  difference  of  right  ascension  between  the 
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moon  and  star  in  the  case  of  an  occultation,  or  between  the  moon 
and  sun  in  the  case  of  a  solar  eclipse,  is  given  at  the  top  of  the 
page,  to  every  five  minutes  of  arc. 

Table  XIX.,  pages  386-7,  shows  the  semi-diurnal  arc,  or  the 
interval  of  time  employed  by  the  sun  or  a  star  in  pas^sing  from 
tho  horizon  to  its  point  of  culmination,  and  vice  versfu  acconi- 
ing  to  its  declination  and  the  latitude  of  the  place.  These  val- 
ues have  been  computed  from  formula  (2),  page  114,  without 
cousidering  the  eilect  of  refraction,  which  would  increase  the 
duration  tw^o  or  three  minutes,  and  sometimes  more  than  this. 
The  latitude  of  the  place  is  given  at  the  top  of  the  page,  and  the 
declination  of  the  star  in  the  first  vertical  column.  Tiie  num- 
bers in  this  Table  are  to  be  subtracted  from  tho  time  of  meridian 
passage  for  risings  and  added  to  the  time  of  meridian  passage 
for  setJing^  as  in  the  following  examples : 

Examplv  1,  Reijuired  the  mean  timo  of  setting  of  the  planet 
Venus,, July  5,  1855,  at  New  Haven,  lat.  41^  18',  the  declina- 
tion of  the  planet  being  13^*  30'  N. 

Meridian  passage  July  5,  by  Nautical  Almanac  .  .  .  3h.  9m, 
Semi-diurnal  arc  for  lat.  41°  18',  and  dec.  13'^  3CK  N. 

(page  387) Oh.  49m. 

Yenus  sets  July  6th,  1855 Uh.  5Hni. 

Example  2*  Required  the  mean  time  of  rising  of  the  planet 
Jupiter,  July  5,  l!::<55,  at  New  Haven,  the  declination  of  the 
planet  being  11^  40'  S. 

Meridian  passage  July  5,  by  Nautical  Almanac  .  .  .  15li.  24m. 
gemi-diurnal  arc  for  kt.  41^^  18%  and  dec.  1 1°  40'  8. 

(page  387) 5h,J8m. 

Jupiter  rises  July  oth,  1855 *  .  lOh.    (im. 

This  Table  is  designed  for  northern  latitudes,  but  it  is  equally 
applicable  to  southern  latitudes  by  changing  the  declination  of 
tho  star  from  N.  to  S.,  and  viir  versa. 
■  Table  XX. y  page  S^S^  contains  a  comparison  of  French  mil- 
limeters with  EiJgHsh  inches,  and  will  be  found  convenient  for 
reducing  French  measures  into  English.  It  is  deduced  from  the 
assumption  that  the  French  metre  at  the  freezing  point  is  equal 

I  to  39.37079  En^li^sh  inches  at  the  temperature  of  62^  Fahren- 
heit ;  the  standard  temperature  of  the  French  scale  being  32  ^ 


I 
I 


1 
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Fahrenheit,  and  that  of  the  English  scale  being  62°  Fahrenheit 
This  is  the  result  given  by  Captain  Kater  in  the  Philosophical 
Transactions  for  1818,  page  109.  The  table  of  proprtional  parts 
in  the  last  column  gives  the  value  of  tenths  of  a  millimeter  in 
English  inches,  and  will  serve  for  hundredths  by  removing  the 
decimal  point  one  place  to  the  left. 

The  relation  of  the  metre  to  the  yard  adopted  by  the  United 
States  Coast  Survey  is, 

1  metre =1.0935696  yards,  or  39.3685  United  States  standard 
inches. 

Table  XXL,  page  389,  enables  us  to  convert  English  inches 
into  millimeters,  and  is*  derived  from  the  same  data  as  the  pre- 
ceding Table.  The  table  of  proportional  parts  in  the  last  column 
gives  the  values  of  hundredths  of  an  inch  in  millimeters,  and  will 
serve  for  thousandths  by  removing  the  decimal  point  one  place 
to  the  left. 

Table  XXII.,  pages  390-1,  is  designed  for  computing  the  dif- 
ference in  the  heights  of  two  places  by  means  of  the  barometer. 
This  Table  was  computed  from  the  formula  of  Laplace,  modi- 
fied in  accordance  with  the  results  of  more  recent  determinations. 
Suppose  that  we  have  observed 

H,  the  height  of  the  barometer. 
At  the  lower  station,  ]  T,    the  temperature  of  the  barometer. 

the  temperature  of  the  air. 
the  height  of  the  barometer. 
At  the  upper  station,  ^  T'',  the  temperature  of  the  barometer. 

the  temperature  of  the  air. 
Represent  by  s  the  height  of  the  lower  station  above  the  level 
of  the  sea,  by  L  the  latitude  of  the  place,  and  by  h  the  observed 
height,  h%  reduced  to  the  temperature  T. 

The  difference  of  level,  x,  between  the  two  stations  is  given 
by  the  formula : 


a;=60158.6ft.  log.^x^ 


( 


900     J 
(1+0.00265  COS.  2L) 
A     .T  + 52251  ,  5 


20888629     10444315J 
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But  h  represents  the  height  h%  reiluoed  from  the  temperature 
T'  to  the  teinpt'nitiire  T.  The  cx[)anyion  of  mercury  for  1^ 
Fahrenlieit  is  O.OOOIOOO;  that  of  the  brass,  which  forms  the 
scale  of  the  barometer,  is  0.0000104 ;  the  diflerence  is  O.OOOOs^yt; 
Hence  we  have     h ^ k' \  1  +  O.000O896( T ^ TO } . 

Therefore, 

60158.6  ft  log.  M^GOloHJi  ft.  log,  Ji^2.3404J  ft.  (T-T  ). 

Part  I.  of  the  Table  furnishes  in  English  feet  the  value  of  the 
expression  60158*6  log,  H  for  heights  of  the  barometer  from  1 1 
to  31  inches;  only  they  have  all  been  diminished  by  the  con- 
stant 27541.5  feet,  which  does  not  ehange  the  dit!erence, 
60158.6  log  H-6015H.6  log  A. 

Part  II.  furnishes  the  correction  —  2.3409{T  — T^,  depending 
upon  the  diflerence  T  — T''  of  the  temperatures  of  the  barometers 
at  the  two  stations.  This  correction  is  generally  negative.  It 
would  be  positive  if  T— T'  were  negative;  that  is,  if  the  tem- 
perature T'  of  the  barometer  at  the  upper  station  exceeded  the 
temperature  T  at  the  lower  station. 

Part  III.  gives  the  correction  A  x  0.002G5  t^s.  2L,  to  be  ap- 
plied to  the  approximate  altitude  A,  and  which  arisjcs  from  the 
variation  of  gravity  from  the  latitude  of  45  degrees  to  the  lati- 
tude L  of  the  place  of  observation.  This  correction  has  the  same 
sign  as  cos.  2L  ;  that  is,  it  is  positive  from  the  equator  to  45  de- 
grees, and  negative  from  45  degrees*  to  the  pole. 


Part  lY.  Efives  the  correction  A 


A +52251 

20888629 


,  which  is  always 


to  be  atlded  to  the  approximate  height  A^  and  which  is  due  to 
the  diminution  of  gravity  on  the  vertical. 

Part  V.  furnishes  for  the  approximate  diflerence  of  level,  A,  ^le 
s 


Ismail  correction  A . 


^.^,  *  .*T^>j  corresponding  to  several  values 
10444315  ^  ^ 


of  the  height  5  of  the  lower  station.  But  in  place  of  jf  there 
has  been  substituted,  as  the  argument  of  the  table,  the  height 
H  of  the  barometer  at  this  station. 


Method  of  Coinpulaiion. 

Take  from  Part  I.,  page  390,  the  two  numbers  corresponding 
to  the  observed  barometric  heights  H  and  h\    From  their  dilfer- 
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ence  subtract  the  correction  2.3409(T— T'),  found  in  Part  II., 
with  the  difference  T  — T'  of  the  thermometers  attached  to  the 
barometers.     We  thus  obtain  an  approximate  altitude,  a. 

lA.^^ 64 

"We  then  calculate  the  correction  a .  — ^rp-pr —  for  the  temper- 

ature  of  the  air,  by  multiplying  the  nine  hundredth  part  of  a  by 
the  sum  of  the  temperatures  t  and  t^j  diminished  by  64.  This 
correction  is  of  the  same  sign  as  ^+r— 64.  We  thus  obtain  a 
second  approximate  altitude,  A. 

With  A  and  the  latitude  of  the  place,  L,  we  seek,  in  Part  III., 
the  correction  A  x  0.00265  cos.  2L,  arising  from  the  variation  of 
gravity  with  the  latitude. 

For  the  approximate  height  A,  Part  IV.  gives  the  correction 

^  ^  cvSouQcoo'  *^rising  from  the  diminution  of  gravity  on  a  vert- 

ical.     This  correction  is  always  additive. 

Finally,  when  the  height,  5,  of  the  lower  station  is  considera- 

ble,  the  small  correction  A  x  TTm-Airr-^  ^^Y  ^  found  in  Part  V. 

10444315       "^ 

This  correction  is  always  additive. 

Example  1.  M.  Humboldt  made  the  following  observations 

on  the  mountain  of  Guanaxuato,  in  Mexico,  in  latitude  21°,  viz.  • 

fTnn.*  c*.«i»..  Lower  Station, 

Upper  Station.  q^  ^^^  ^^^  ^^  ^^^'g^ 

Thermometer  in  open  air    .  .  .  T  =70.3  t  =77.5 

Thermometer  to  barometer   .  .  T'  =  70.3  T=77.5 

Barometer A' =23.660         H= 30.046 

What  was  the  difference  in  the  height  of  the  two  stations  ? 
for  H = 30.046  mches  27649.7 

for  h' = 23.660  inches  21406.9 

Difference  .  .  .  6242.8 
Part  II.  gives  for  T-T^ =7.2°  -16.9 

Approximate  altitude,  a 6225.9 

^(^+^/-.64)=6.918x83.8<^                           +579.7 
900^  '  

Second  approximate  altitude,  A  .  .  6805.6 
Part  III.  gives  for  A=6806,  and  L  =  21°  +   13.3 

Part  IV.  gives  for  6806  +   19.3 

Height  above  the  sea 6838.2  feet 


Part  I.  gives  J 
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Example  2.  M.  Gray  Lussao,  in  his  celebrated  balloon  ascent 
in  1805,  found  his  barometer  to  indicate  12.945  English  inches, 
the  temperature  being  14.9°  Fahrenheit.  The  barometer  at 
Paris  at  the  same  time  indicated  30.145  English  inches,  with  a 
temperature  of  87.44°  Fahrenheit.  Required  the  elevation  of 
the  balloon  above  Paris. 

^    ,j     •       (  for  H=30.145  inches  27735.6 

l^art  1.  gives  |  ^^^  4x^13.945  inches  5650.4 


Part  II. 

Difference 
gives  for  T-T'=72.54° 

Annroximate  altitude,  a  .  . 

•  .  . 

.  22085.2 
-169.9 
21915.3 

W+' 

r~64) =24.35x38.34° 

Second  approximate  altitude, 
gives  for  A =22848,  and  L =48° 
gives  for  22848 

5(y 

+933.6 

Part  III. 
Part  IV. 

.  22848.9 

-  8.2 
+82.1 

Height  of  balloon  above  Paris  .  .  22922.8  feet 

Table  XXIIL,  pages  392-3,  furnishes  the  coefficients  for  in 
terpolation  by  differences.     The  Table  on  page  392  contains  tho 
values  of  the  coefficients  for  interpolation  by  Bessel's  formula, 
given  in  Art.  223.     Column  first  contains  the  values  oft  to  each 
hundredth  of  unity.     Column  second  contains  the  values  of  the 

factor  i .  — ^~-  for  each  value  of  t  contained  in  the  first  column. 

Column  third  contains  the  values  of  the  factor  ^  ^  J  \.^     for 

each  value  of  t  contained  in  the  first  column.     Column  fourth 

contains  the  values  of  the  factor  > '  ^  .^ILZ^J^  and  column 

2.0.4 

fifth  contains  the  values  of  the  factor^ LL^_J_v  _Z_J_LjIliZ 

2.3.4.5 

for  each  value  of  t  contained  in  the  first  column. 

The  coefficients  of  the  second  difierences  are  negative ;  the 

coefficients  of  the  third  difierences  are  positive  for  values  of  t 

less  than  one  half,  and  negative  for  values  of  t  greater  than  one 

half.     The  coefficients  of  the  fourth  differences  are  invariably 

positive ;  the  coefficients  of  the  fifth  differences  are  negative  for 

values  of  t  less  than  one  half,  and  positive  for  values  of  t  greater 


490  Practical  Astronomy. 

than  one  half.  The  mode  of  using  this  Table  has  been  explain- 
ed in  Art.  223. 

The  Table  on  page  393  contains  the  values  of  the  coefficients 

the  same  as  the  coefficients  of  the  binomial  fonnula,  are  called 
binomial  coefficients,  to  distinguish  them  from  Bessel's  coeffi- 
cients on  page  392.  Columns  first  and  second  are  the  same  as 
on  page  392.     Column  third  contains  the  values  of  the  factor 

-^ — ^r^-^ for  each  value  of  t  contained  in  the  first  column, 

2 .  o 

and  the  subsequent  columns  are  constructed  in  a  similar  man- 
ner. The  coefficients  for  the  odd  differences  are  positive,  while 
those  for  the  even  differences  are  negative.  The  mode  of  using 
this  Table  has  been  explained  in  Art.  220. 

Table  XXIV.,  pages  394-6,  contains  the  logarithms  of  the 
coefficients  for  interpolation  by  Bessel's  formula  for  every  five 
minutes,  the  unit  of  time  being  supposed  to  be  12  hours.  This 
Table  is  firom  Sawitsch's  Practischen  Astronomic,  and  its  use 
has  been  explained  on  page  208. 

Table  XXV.,  page  397,  enables  us  to  convert  degrees  of  the 
centesimal  thermometer  into  degrees  of  Fahrenheit.    It  is  found- 

9 
ed  on  the  equation,  x°  centesimal=(32°  +  -a;o)  Fahrenheit. 

o 

Table  XXVI. ,  page  397,  enables  us  to  convert  degrees  of 
Reaumur's  thermometer  into  degrees  of  Fahrenheit.    It  is  found- 

g 
ed  on  the  equation, x^  Reaumur  =  (32° +  -x°)  Fahrenheit. 

Table  XXVII. ,  page  398,  shows  the  height  of  the  barometer 
corresponding  to  temperatures  of  boiling  water  from  185°  to  214° 
Fahrenheit.  The  temperature  at  which  water  boils  in  the  open 
air  depends  upon  the  weight  of  the  atmospheric  column  above 
it,  and  under  a  diminished  barometric  pressure  the  water  will 
boil  at  a  lower  temperature.  Since  the  weight  of  the  atmos- 
phere decreases  with  the  elevation,  it  is  evident  that,  in  ascend- 
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ing  a  mountaiD,  tlio  higher  the  station  the  lower  will  be  the 
temperature  at  which  water  hoik.  Hence,  if  wts  knew  the  height 
of  the  barometer  correspondiog  to  the  tomjK*rature  of  boiling  w^a- 
ter,  we  could  measure  the  altitude  of  a  mountain  by  obsiierviiig 
the  temperature  at  which  wat^r  boils.  Table  XXVIL  is  de- 
rived from  a  Table  by  Regnault,  published  in  the  Annales  de 
Phy.sique  et  de  Chimic,  t.  xiv.,  p.  206,  In  Regnault's  Table 
the  temperature  is  expressed  in  centigrade  degrees,  and  the 
height  of  the  barometer  in  millimeters.  I  have  deduced  from 
this  a  new  Table,  in  which  the  temperature  is  expressed  in  de- 
grees of  Fahrenheit,  and  the  height  of  the  barometer  in  English 
inches, 

Tablk  XXVIIL,  page  399,  coiitaius  the  depression  of  mercury 
in  glass  tubes  on  account  of  capillarity,  according  to  several  dif* 
ferent  authorities. 

Table  XXIX.,  page  399,  contains  tlio  factors  by  which  the 
difference  of  readings  of  the  dry-bulb  and  wet-bulb  thermome- 
ters must  be  multiplied  in  order  to  produce  the  difference  be- 
tween the  readings  of  the  dry-bulb  and  dew-jxtint  thermome- 
ters. These  factors  are  derived  from  a  long  series  of  observa- 
tions made  ut  the  Greenwich  Observatory,  and  enablu  us  to  con- 
vert observations  nmdo  with  the  M'et-bulb  thermonxeter  into  ob- 
servations made  with  Daniell's  hygrometer, 

Example  1.  The  temperature  of  the  air  being  SLS'^*,  and  that 
of  the  wet-bulb  lieing  68.9^,  it  is  required  to  Jetarniinf  the  dew- 
point. 

The  difference  between  the  dry  and  wet  bulb  thermometers 
is  12.4^,  which,  multiplied  by  1.5,  gives  IS.G'J,  which  is  the 
difference  between  tho  dry-bulb  and  dew-point  thermometers. 
Hence  the  dew-point  was  at  62.7*^. 

Example  2,  Tho  temperature  of  the  air  being  4(5.9'^,  and  that 
of  the  wet-buib  thermometer  44.2^,  it  is  required  to  determine 
the  dew-point. 

The  difference  between  tho  dry  and  wet  bnlb  thermometers 
is  2.7'^,  which,  inultipUcd  by  2,2,  gives  5.9^,  Hence  tho  dew- 
point  was  at  41*0^. 


II 
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Table  XXX.,  pages  400-459,  is  a  Catalogue  of  1500  stars, 
derived  chiefly  from  the  Catalogue  of  the  British  Association. 
This  Catalogue  contains  all  the  stars  of  the  British  Association 
Catalogue  to  the  fifth  magnitude  inclusive,  and  about  a  dozen 
stars  of  the  magnitude  five  and  a  half,  situated  within  a  few 
degrees  of  the  north  pole. 

Column  first,  on  the  left-hand  page,  contains  the  number  of 
the  star  in  this  Catalogue ;  column  second  contains  the  equiva- 
lent  number  in  the  Catalogue  of  the  British  Association ;  column 
third  contains  the  name  of  the  constellation  to  which  the  star 
belongs,  together  with  Flamsteed's  numbers  and  Bayer's  letters, 
according  to  the  British  Association  Catalogue ;  column  fourth 
contains  the  magnitude  of  the  star  according  to  the  same  Cata- 
logue ;  column  fifth  contains  its  right  ascension  on  the  1st  of 
January,  1850 ;  column  sixth  contains  the  annual  variation  of 
the  right  ascension,  and  includes  proper  motion  where  it  exists ; 
column  seventh  contains  the  north  polar  distance  on  the  1st  of 
!  January,  1850 ;  and  column  eighth  contains  the  annual  varia- 

I  tion  of  polar  distance,  including  proper  motion. 

On  the  right-hand  page,  column  first  contains  the  number  of 
the  star  repeated  from  the  former  page ;  the  next  four  columns 
contain  the  logarithms  of  the  factors  o,  6,  c,  and  rf,  for  computing 
the  reduction  from  the  mean  to  the  apparent  right  ascension ; 
I  while  the  last  four  columns  contain  the  logarithms  of  the  factors 

i  a\  b'^  c^j  and  d\  for  computing  the  reduction  from  the  mean  to 

the  apparent  polar  distance.     All  the  numbers  on  each  page  arc 
}  copied  from  the  British  Association  Catalogue,  with  the  excep- 

tion of  the  right  ascensions  and  polar  distances  of  such  of  the 
stars  as  are  contained  in  the  Grreenwich  twelve-year  Catalogue. 
I  The  places  of  such  stars  have  been  carefully  reduced  from  the 

'  years  1840  and  1845  to  1850,  and  are  distinguished  from  other 

numbers  in  the  same  columns  by  an  asterisk. 

\  In  a  few  cases,  in  which  the  Grreenwich  twelve-year  Cata- 

f  logue  differs  considerably  from  the  British  Association  Catalogue, 

^  the  results  of  the  most  recent  observations  at  Greenwich  have 

been  combined  with  former  ones,  to  obtain  the  mean  places 

which  are  incorporated  in  this  Table. 

The  mode  of  deducing  the  apparent  places  of  the  stars  from 
their  mean  places  has  been  explained  on  page  220. 
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Table  XXXL,  page  460,  contains  the  secular  variation  of  the 
annual  iirrcession  in  right  ascension  for  tho  stars  of  Tahle  XXX- 
whenever  this  variation  exceeds  0.085s*  The  annual  jirecession 
of  a  star  does  not  remain  the  same  for  a  long  jieriod  of  time^  hut 
undergoes  a  slight  increase  or  decreajse  from  year  to  year.  As 
this  annual  change  of  the  precession  is  generally  small  in  amount, 
and  constant  for  a  very  long  period^  it  is  commonly  known  hy 
the  name  of  the  secular  variation ;  for,  when  inserted  in  ta- 
bles, as  on  page  460,  it  is  usually  multiplied  by  100,  for  tJie  ^ 
sake  of  a  convenient  arrangement  of  tho  figures. 

Assuming,  therefore,  the  annual  variation  of  a  star  in  tho 
Catalogue  to  be  denoted  by  V  {which  is  equal  to  the  sum  of  the 
annual  precession  and  tho  proper  motion),  the  secular  variation 
by  S,  the  change  of  position  in  the  star  (either  in  rigbt  ascension 
or  north  polar  distance,  as  the  case  may  be)  on  January  1st 
(1850+^),  will  be  expressed  by 

where  t/,  which  denotes  the  number  of  yeai^  from  18»50,  must 
be  assumed  +  aftery  and  —  before^  that  epoch.  And  in  this 
manner  the  mean  place  of  a  star  should  be  brought  up  from 
the  ejToch  1>^50  tr*  the  commencement  of  any  other  required  year 
before  we  ajiply  the  ammal  correction  for  precession,  aberration, 
and  nutation.  But  for  most  stars,  when  the  period  is  not  very 
long,  the  secular  variation  may  be  omitted. 

Example.  It  is  required  to  find  the  mean  right  ascension  of 
star  46,  on  page  400,  for  January  1 ,  1860. 


Here  5^=10  years. 


Hence  fe^=i. 


100 


s 


From  page  460,  S=  +1.22228.,  and  ~=  +0.61s. 

Henoe  we  have  the  following  results : 

Mean  right  ascension  January  1,  1850   .  Oh,  49m 

Variation  in  10  years +lm 

Correction  for  secular  variation 

Mean  right  ascension  January  1, 1860    .  Oh.  50m.  17.32s. 

Table  XXXIL,  page  461,  contains  the  secular  variation  of  the 
annual  precession  in  north  polar  distance  for  all  stars  in  Table 


9.55s. 
7a6s. 
+  0.61s. 
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XXX.  whenever  this  variation  amounts  to  (K^.43.     This  Table 
is  to  be  used  in  the  same  manner  as  the  preceding. 

Example,  It  is  required  to  find  the  mean  north  polar  distance 
of  star  300,  page  410,  for  January  1,  1860. 

Here  *^^^-A 

^^'^"loo"-*- 

From  page  461,  S=  +r^367,  and  5=  +0^^7. 

Hence  we  have  the  following  results : 

Mean  north  polar  distance  January  1, 1850  .  10°  5T  2A'\2 

Variation  in  10  years — 54''^2 

Correction  for  secular  variation +  0^^7 

Mean  north  polar  distance  January  1, 1860  .  10^  66^  30^^7 
For  most  of  the  stars,  the  secular  variation  of  precession  is  in« 
appreciable,  except  for  long  intervals  of  time. 

Table  XXXHI.,  page  462,  contains  the  principal  elements  of 
the  planetary  system,  taken  chiefly  from  Madler's  Populare  As- 
tronomie,  vierte  Auflage.  I  have  substituted  the  English  de- 
nominations for  measures  of  length,  in  place  of  the  foreign  de- 
nominations of  Madler,  and  have  substituted  more  recent  ele- 
ments of  Neptune.  Several  of  the  numbers  in  Madler's  Table 
have  been  changed  in  accordance  with  what  were  considered  to 
be  the  best  authorities. 

Table  XXXIV.,  page  463,  contains  the  elements  of  the  satel- 
lites of  the  primary  planets.  The  elements  of  the  moon  were 
derived  from  "Bailey's  Astronomical  Tables  and  Formulse." 
Those  of  Jupiter's  satellites  were  derived  from  Madler's  Astro- 
nomic; those  of  Saturn's  satellites  were  derived  chiefly  from 
Madler,  modified  in  some  instances  by  comparison  with  Her- 
schel's  Astronomy  and  Hind's  Solar  System.  The  elements  of 
the  satellites  of  Uranus  were  derived  by  myself  chiefly  from  the 
observations  of  Lassell ;  and  those  of  the  satellite  of  Neptune 
were  derived  from  Hind's  Solar  System. 

Table  XXXV.,  pages  464-5,  contains  the  elements  of  66  as- 
teroids. These  elements  were  mostly  derived  from  the  Amer- 
ican Nautical  Ahnanac  for  1861.     Pages  498-9  contain  the 
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^^  elements  of  the  asteroids  most  recently  discovered.     These  ele- 

I  ments  were  derived  partly  from  the  Sopplement  to  the  English 

I  Nautical  Almanac  for  1868,  and  partly  from  recent  numbers 

I  of  Peters's  Astronomische  Nachrichten. 

Table  XXXVI,,  pages  466-7,  furnishes  the  constants  for  ob- 
taining with  the  greatest  accuracy  the  sines  and  tangents  of 
arcs  not  exceeding  two  degrees.  The  column  headed  log.  sin. 
A— log.  A'''  furnishes  the  diflerence  between  the  logarithmio 
sine  of  the  arc  given  in  the  adjacent  column,  and  the  logarithm 
of  that  arc  expressed  in  seconds.     Thus, 

The  logarithmic  sine  of  0^  40'  is 8.06577631 

The  logarithm  of2400X  =  40^)13 3.38021124 

The  difference  is 468556507 

This  is  the  number  found  on  page  466,  under  the  heading  log. 
sin.  A— log.  A^^,  opposite  0'^  40';  and  in  a  similar  manner  the 
other  numbers  in  the  Tabic  were  obtained.  These  numbers 
vary  cjuite  slowly  for  two  degrees  ;  and  hence,  to  find  the  loga- 
rithmic sine  of  an  arc  not  exceeding  two  degrees,  we  have  but 
to  add  the  logarithm  of  t!ie  arc  expressed  in  seconds  to  the  ap 
propriatc  number  found  in  this  Table. 

Eequired  the  logarithmic  sine  of  0^  24'  22^^57. 

Tabular  number  from  page  466 4.68r55712 

The  logarithm  of  l462''.57  is 3.1651167 

The  logarithmio  sine  of  0^  24'  22'^57  is  .  .  _  7.8506879 

The  logarithmic  tangent  of  an  arc  not  exceeding  two  degrees 
is  found  in  a  similar  manner* 

The  same  Table  enables  us  to  find  the  arc  corresponding  to  a 
given  logarithmic  sine  or  tangent.  If  from  the  given  logarithm 
mio  sine,  we  subtract  the  corresponding  tabular  number  on  page 
466,  tho  remainder  will  bo  the  logarithm  of  the  arc  expressed  in 
seconds. 

Required  the  arc  corresponding  to  the  logarithmic  sine 
7.0000000,  We  find  from  page  466  that  tlio  arc  must  be 
nearly  3' ;  the  oorrcs[)onding  tabular  number  on  page  466  is 
4.6855748. 

The  difference  is  2.3144252, 

which  is  the  logarithm  of  206.265. 

Hence  the  required  arc  is  3''  26'',265. 


p 
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In  the  same  manner  we  may  find  the  arc  corresponding  to  a 
logarithmic  tangent. 

The  numbers  in  Table  XXXYI.  are  given  to  8  decimal  places, 
in  order  that  we  may  be  sure  of  getting  the  seventh  figure  cor- 
rect to  the  nearest  decimal ;  it  will  be  of  no  use,  however,  to 
retain  the  eighth  figure  in  our  computations,  unless  we  employ 
logarithmic  tables  of  more  than  seven  decimal  places. 

Table  XXXVII.,  page  468,  contains  a  miscellaneous  collec- 
tion of  numbers  which  are  most  firequently  employed  in  compi> 
tations.  They  are  derived  chiefly  from  Shortrede's  Logarithmic 
Tables. 


CATALOGFE  OF  ASTRONOMICAL  INSTRUMENT.^  RY  SEV^ 
EEAL  DIFFERENT  MAKERS,  WITH  THEIR  PRICES. 

Telescopes  hy  Alvan  Clark  and  Sons^  of  Cambridgeport,  Mass, 

No.  1.  Achromatic  tcleacope  of  36  inches  apcrturc»  designed  for 
the  Lick  ObscrTatory  of  Caliioraia.     This  telescope   h  nti^nishod 
^1881),     The  observatory  is  located  on  Mount  Ilamilton,  4250  feet 
above  the  level  of  tlic  Bca,  and  is  13  miles  east  of  San  Jose 
air  line. 

Achromatic  tcleacope  of  30  inches  aperture,  for  the  Russian 
Government,  and  designed  for  the  Pnikova  Observatory.  Unfinished 
(1881). 

No.  3.  Achromatic  telescope  of  20  inches  aperture  and  389  inches 
focal  length,  with  four  negative  eye-pieces,  magnifying  155,  439,  863, 
and  1360  times ;  and  sixteen  poaitiye  eye-pieces,  magnifying  173,  284, 
390,  392,  400,  585,  606,  036,  701,  780,  876,  888,  1103,  1282,  1560, 
and  1802  times*  Tiie  hour  circle  is  divided  to  one  minute  of  time, 
and  is  read  by  two  microscopes  to  one  second  of  time ;  the  declina- 
tion circle  is  divided  to  five  minutes  of  arc,  and  can  be  read  by  two 
verniers  to  12"  of  arc.  It  has  tw*o  finders,  one  of  which  has  an  aper- 
ture of  5  inches  and  a  focal  length  of  6  feet,  with  two  eye-pieces, 
magnifying  30  and  75  times;  the  other  finder  has  an  aperture  of  3 
inches  and  a  focal  length  of  21  inches,  magnifying  12  times.  Tlic 
driving  clock  is  moved  by  water  from  the  city  works*  and  secures 
an  equable  motion  in  right  liscension.  This  telescope  was  made  for 
the  United  States  Nava!  Observatory  at  Washington,  D.  C, 

Price  838,000. 

No.  4.  Achromatic  telescope  of  26  inches  aperture,  similar  to  No. 
8.  This  telcscopo  was  ordered  by  L.  J.  McCormick,  of  Chicago,  and 
is  designed  for  the  observatory  at  the  University  of  Virginia. 

No.  5.  Achromatic  telescope  of  23  inches  aperture  and  30  feet  focal 
length,  designed  for  the  observatory  at  Princeton,  N.  J.  It  is  ex- 
pected to  be  completed  this  year  (1881). 

No.  6.  Achromatic  telescope  of  1  &i  inches  aperture  and  23  feet 
focal  length,  with  four  negative  eye-pieces,  magnifying  135,  225,  450, 
ajid  900  times,  and  five  positive  eye-pieces,  magnifying  120,  190,  287, 
385^  and  900  times*    The  hour  circle  is  22  inches  in  diameter,  di- 
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vided  to  one  minute  of  time,  and  is  read  by  microscopes  to  one  sec- 
ond of  time.  The  declination  circle  is  80  inches  in  diameter,  divided 
to  five  minutes  of  arc,  and  reading  by  two  microscopes  to  10''  of 
arc.  It  has  a  driving  clock,  micrometer,  etc  The  object^lass  cost 
$11,187,  and  tfie  mounting  $7000.  This  telescope  was  made  for  the 
Dearborn  Observatory,  Chicago,  lU.  With  this  instrument  Mr.  Alvan 
Clark  discovered  the  minute  companion  of  Sirins  in  January,  1862, 
for  which  discovery  the  Lalande  prize  was  awarded  by  the  Imperial 
Academy  of  Sciences  at  Paris. 

No.  7.  Achromatic  telescope  of  16  inches  aperture  and  22  feet  focal 
length,  with  magnifying  powers  from  45  to  2000.  Made  for  the 
Warner  Observatory,  Rochester,  N.  Y. 

No.  8.  Achromatic  telescope  of  16^  inches  aperture,  for  the  WaslK 
bume  Observatory,  Madison,  Wis. 

No.  9.  Achromatic  telescope  of  12  inches  aperture,  for  the  Lick 
Observatory  of  California.   • 

No.  10.  Achromatic  telescope  of  12  inches  aperture,  for  the  Wes- 
leyan  University,  Middletown,  Conn. 

No.  11.  Achromatic  telescope  of  12  inches  aperture,  with  eye-pieces, 
magnifying  from  50  to  1000  times.  Belongs  to  the  Morrison  Ob- 
servatory, Glasgow,  Mo.,  1876. 

No.  12.  Achromatic  telescope  of  12  inches  aperture.  Made  for  the 
Imperial  Observatory  of  Vienna,  Austria,  1876. 

No.  13.  Achromatic  telescope  of  12  inches  aperture.  Belongs  to 
Prof.  Henry  Draper,  of  Hastings,  N.  Y.,  1876. 

No.  14.  Achromatic  telescope  of  12  inches  aperture,  with  eye-pieces, 
magnifying  from  200  to  600  times.  Belongs  to  Yassar  College  Ob- 
servatory, Poughkeepsie,  N.  Y. 

No.  15.  Achromatic  telescope  of  12  inches  aperture.  Belongs  to 
Mr.  S.  V.  White,  of  Brooklyn,  N.  Y. 

The  following  are  the  prices  for  equatorial  telescopes,  including 
circles,  driving  clock,  and  micrometer,  with  heavy  stand  to  be  mount* 
ed  under  a  dome : 

16  inches  aperture,  $10,000    I    8  inches  apertore,  $2700 
12      "  "  6,000    16"  "  1800 

The  following  are  the  prices  for  glasses  in  the  cell : 


15  inches,  $6400 
181  **  4800 
12  **  8200 
10}       *'         2400 


9|  inches,  $1600 
8f  **  1200 
7f      *•  800 

7         **  600 


6i  inches,  $400 
5i  "  800 
5  **  200 
41       **  150 


Telescopes  and  Transit  Instruments  by  Fauth  and  Co,,  Washin^tonj  2).  C, 

J.  Equatorial  telescope,  object-glass  10  inches  clear  aperture,  with 

eighteen  eye-pieces,  large  hour  circle  divided  on  silver  and  reading  with 
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two  verniers  and  microscopes;  large  decimation  circle  on  lower  end  of 
axis,  divided  on  silver  and  reading  witli  two  i^erniers  and  microscopes ; 
improved  position  micrometer  with  parallactic  eye-piece  movement — 
the  position  circle  is  divided  on  silver  and  reads  by  two  verniers  to 
minutes ;  delicate  striding  level  to  go  over  declination  axis;  driving 
clock  with  conical  pendulum  connected  with  polar  axis;  illuminating 
apparatus  to  illuminate  the  wires  only,  etc*  Price  $5500. 

2.  Ec^natorial  telescope,  object-glass  9  inches  clear  aperture,  with 
fifteen  eye-pieces.     Mounted  like  No.  1,  Price  |4000. 

3.  Equatorial  telescope,  obje^it-glass  8  inches  clear  aperture,  with 
twelve  eye-pieces.     Mounted  like  No.  1.  Price  $3000. 

4.  Equatorial  telescope,  object-glass  7  inches  clear  aperture,  with  ton 
eye*pieces.     Mounted  like  No.  1.  Price  $2500, 

5.  Equatorial  telescope,  object-glass  6  inches  clear  aperture,  with 
eight  eye-pieces.     Mounted  like  No.  1.  Price  $1800. 

C.  Equatorial  telescope,  object-glass  5  inches  clear  aperture,  with  six 
eye-pieces.     Mounted  like  No,  1.  Price  $1100, 

7.  Transit  circle,  with  telescope  of  6  feet  focal  length  and  0  inches 
aperture.  The  axis  carries  two  circles,  each  3  feet  in  diameter,  one 
of  them  divided  on  silver  to  5',  and  read  by  four  microscopes  to  sin- 
gle  seconds.  The  other  circle  serves  as  a  setter.  A  level  of  the  best 
quality  reading  to  single  seconds  is  placed  over  the  axis.  Six  micro- 
metrical  eye-pieces  and  one  diagonal  eye-piece.  Price  $3000. 

8.  Transit  circle,  with  telescope  6  inches  aperture  and  circles  2^  feet 
in  diameter,  reading  with  four  microscopes.     Four  eye-pieces. 

Price  $2200. 
ft.  Transit  circle,  with  telescope  4  inches  aperture  and  circles  20 
inches  in  diameter.     In  other  respects  like  No.  7.  Price  $1900. 

10.  Transit  instrument,  same  as  No.  7,  without  the  large  circles  and 
reading  microscopes,  has  two  0-inch  setting  circles  attaclted  near  thL> 
eye-end.  Price  $1860. 

IL  Transit  instrument,  same  aa  No,  8,  without  the  large  circles. 

Price  $1500. 
12.  Transit  instrument,  same  as  No.  9,  without  the  large  circles. 

Price  $1240. 


Teieicopes  and  Trunmt  Instruments  hj  Messrs.  T,  Cooke  and  So9is, 
Tork^  Eniflaiid, 

1.  Equatorial  telescope,  object-glasft  10  inches  aperture,  with  eight 
eye -pieces,  the  two  lowest  of  the  Kellner  construction,  and  six 
Iluygiienian,  ranging  from  50  to  800 ;  six  sun-shades ;  double  parallel 
wire  micrometer  with  six  eye-pieces;  large  position  circle  at  the  eye- 
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end  of  the  tube,  gradnated  on  silver,  and  read  with  two  Femiers  and 
microscopes ;  large  declination  circle  with  verniers,  graduated  on  silver, 
and  read  by  microscopes  from  the  eye-end ;  hour  circle,  graduated  on 
silver,  with  two  sets  of  divisions  and  verniers  and  reading  microscope; 
equatorial  motion  communicated  by. clock-work,  with  means  for  chang- 
ing Mdereal  to  lunar  rate £1200. 

2.  Equatorial  telescope,  object-glass  9  inches  aperture,  complete  as 
above £1050. 

3.  Equatorial  telescope,  object-glass  8  inches  aperture,  with  seven 
Huyghenian  eye-pieces,  complete  as  above £790. 

4.  Equatorial  telescope,  object-glass  7  inches  aperture,  with  six 
Huyghenian  eye-pieces,  complete  as  above £585. 

5.  Equatorial  telescope,  object-glass  6  inches  aperture,  with  six 
Huyghenian  eye-pieces,  complete  as  above £405. 

6.  Equatorial  telescope,  object-glass  5  inches  aperture,  with  five 
Huyghenian  and  four  micrometer  eye-pieces,  complete £275. 

7.  Equatorial  telescope,  object-glass  4^  inches  aperture,  with  four 
Huyghenian  and  four  micrometer  eye-pieces,  complete £205. 

8.  Equatorial  telescope,  object-glass  4  inches  aperture,  with  four 
Huyghenian  and  four  micrometer  eye-pieces,  complete £150. 

Transit  Instruments. 

1.  Transit  instrument,  object-glass  3  inches  aperture,  setting  circle 
graduated  on  silver  with  delicate  level,  two  verniers  and  reading  mi- 
croscopes, three  micrometer  eye-pieces,  on  cast-iron  stand. . . .  £86. 

Apparatus  for  lifting  and  reversing  the  axis,  extra.. . .  18. 

Collimating  eye-piece,  extra. 2^. 

Arrangement  for  changing  the  dark  lines  in  a  bright 

field  to  bright  lines  in  a  dark  field,  extra. 10. 

Hanging  level  attached  to  the  centre  cube  of  axis, 

extra 10. 

Two  setting  circles,  extra 8. 

2.  Transit  instrument,  object-glass  2|  inches  aperture 68^. 

3.  Transit  instrument,  object-glass  2^  inches  aperture 68^. 

4.  Transit  instrument,  object-glass  2^  inches  aperture Sl-J. 

5.  Transit  instrument,  object-glass  2  inches  aperture 46^. 

Achromatic  Object-glasses  in  Brass  Cell, 

H  inches  aperture,  £37 


10  inches  apertare,  £390 
9      "  "  280 

8      "  "  190 

7      •*  "  125 


Si  inches  apertare,  £100 
6       •*  **  75 

5i     "  **  6o 

5       ••  •*  42J 


4J      **  "  32 

4i      **  "  27 

4        **  •*  22 
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Teieicopei  hy  Howard  Orubb,  BubHn,  Ireland^ 
Tbe  followini;  is  his  price-list  of  equato rial ly*iTioun ted  refractors  : 


Diameter  ai 

Set  Spocm- 

See  Specific 

Bitmeter  of 

See  Speclfl- 

Sec  Sped  11- 

Objettivef- 

cmtionA. 

cation  B, 

ObJccliYe*. 

cntlon  A. 

catloa  B. 

7  itictlM 

iBSOO 

i;420 

16  inches 

£1^500 

£2000 

3       '* 

600 

50O 

21       ** 

3500 

2800 

10       ** 

950 

760 

24      ** 

5000 

4200 

12      '» 

1200       1 

1000 

27      ** 

7000 

6000 

15       ** 

1800 

UOO 

I 


I 
I 


Specification  A  includes  two  right-ascension  and  one  declination 
circle  of  as  large  size  as  practicable,  divided  on  gold  alloy  {twelve-carat 
gold  alloyed  with  silver)  to  such  graduation  as  the  purchaser  desires; 
first  right-ascension  circle  read  by  two  opposite  verniers  in  the  usual 
manner,  second  right-ascension  circle  read  by  one  vernier  and  bent 
microscope  from  eye  of  telescope,  declination  circle  read  by  two  ver- 
niers and  microscope  from  eye-end  of  telescope ;  dark  and  bright  fields 
of  njicrometer  illuminated  at  pleasure  from  the  same  fixed  lamps 
which  illuminate  the  right-ascension  and  declination  circles;  trans- 
parent-position circle  also  illuminated  by  the  same  lamp ;  clock-work 
of  best  construction  with  Gnibb's  friclional  governor;  six  negative 
eye-pieces ;  improved  micrometer  with  six  positive  eye-pieces^  etc. 

Specification  B  includes  one  right-ascension  and  one  declination 
circle  divided  on  silver  to  such  graduation  as  the  purchaser  desires ; 
right-ascension  circle  read  by  verniers  in  the  usual  manner;  declina* 
tion  circle  read  by  two  opposite  verniers,  one  of  which  can  he  viewed 
from  eye-end  of  telescope  by  microscope ;  bright  field  illumination  for 
micrometer ;  transparentrposition  circle ;  clock-work  of  best  construc- 
tion ;  foui'negative  eye-pieces ;  finders,  etc. 

The  following  arc  his  prices  of  objectives  and  cells : 

3  inchea  diameter^  £10 

4  *'  **  18 

5  *'  **  30 

6  '*  "  4.*^ 

7  "  **  70 


S  inches  diameter,  £100 

18  inches  diameter, 

£900 

0      "            **            140 

20      ** 

1400 

10      **            **           200 

25      '*             «' 

2000 

12     **         **         a-io 

27      "            •* 

26fX) 

15      **             "            600 

The  foci  of  these  objectives  are  generally  from  twelve  (for  small 
sizes)  to  sixteen  apertures. 

Mr.  Grubb  furnishes  domes  for  observatories  of  all  sizes  up  to  45 
fc€t  in  diameter.  The  new  observatory  at  Vienna  is  supplied  with 
three  of  Mr.  Grubb^s  domes  of  27  feet  diameter,  and  one  of  45  feet. 
This  hist  dome  is  entirely  of  steel,  and  is  intended  for  the  great  27- 
inch  equatorial  recently  completed  (1881)  by  Mr  Grubb* 
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TeUicopea  by  G,  and  S,  Merz^  Munich^  Bavana, 

1«  Refractor  of  18  inches =48.7  cm.  apertnre  and  7  m.  focus,  with 
an  hoar  circle  46  cm.  in  diameter,  divided  into  single  seconds  of  time, 
and  a  declination  circle  65  cm.  in  diameter,  divided  to  10''  of  arc, 
with  six  common  astronomical  eye-pieces,  magnifying  from  120  to 
1200  times,  with  a  filar  micrometer  and  position  circle,  nine  micro- 
metric  eye-pieces,  magnifying  from  140  to  2000  times,  and  two  ring  mi- 
crometers.    The  finder  has  an  aperture  of  77  mm. 

Price  105,000  marks. 

(The  value  of  a  mark  is  24  cents  in  United  States  money.) 

2.  Refractor  of  14  inches =38  cm.  aperture  and  6  m.  focus,  with  six 
astronomical  eye-pieces,  magnifying  from  110  to  1000  times,  and  nine 
micrometric  eye-pieces,  magnifying  from  120  to  1600  times.  Circles 
and  finder  same  as  No.  1.  Price  72,000  marks. 

3.  Refractor  of  10^  inches= 28.45  cm.  aperture  and  4^  m.  focus, 
with  an  hour  circle  38  cm.  in  diameter,  divided  to  2  seconds  of 
time,  and  a  declination  circle  54  cm.  in  diameter,  divided  to  10'' 
of  arc,  with  astronomical  eye  •  pieces,  magnifying  from  80  to  760 
times,  and  eight  micrometric  eye -pieces,  magnifying  from  90  to 
1000  times.     The  finder  has  an  aperture  of  68  mm. 

Price  45,000  marks. 

4.  Refractor  of  9  inche8=24.4  cm.  aperture  and  4  ra.  focus,  with 
six  astronomical  eye-pieces,  magnifying  from  72  to  680  times,  and 
eight  micrometric  eye -pieces,  magnifying  from  81  to  900  times. 
Finder  and  circles  as  in  No.  3.  Price  35,000  marks. 

5.  Refractor  of  8  inches =21  7  cm.  aperture  and  3.2  m.  focus,  with 
an  hour  circle  26  cm.  in  diameter,  divided  to  4  seconds  of  time,  and  a 
declination  circle  41  cm.  in  diameter,  divided  to  10"  of  arc,  with  as- 
tronomical eye-pieces,  magnifying  from  60  to  550  times,  and  six  mi- 
crometric eye-pieces,  magnifying  from  100  to  580  times,  with  one  ring 
micrometer.     The  finder  has  an  aperture  of  48  mm. 

Price  19,000  marks. 

6.  Refractor  of  7  inches =18.9  cm.  aperture  and  3  m.  focus,  with  an 
hour  circle  26  cm.  in  diameter,  divided  to  4  seconds  of  time,  and  a 
declination  circle  38  cm.  in  diameter,  divided  to  10"  of  arc,  with  six 
astronomical  eye-pieces,  magnifying  from  67  to  630  times,  and  six 
micrometric  eye-pieces,  magnifying  from  75  to  880  times. 

Price  13,500  marks. 

7.  Refractor  of  6  inches=16.2  cm.  aperture  and  2.7  m.  focus,  with 
an  hour  circle  24  cm.  in  diameter,  divided  to  4  seconds  of  time,  and  a 
declination  circle  33  cm.  in  diameter,  divided  to  10"  of  arc,  with  six 
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astronomical  eye-pieces,  magnifying  from  50  to  480  times,  and  6  mi- 
crometric  eye-pieces,  magnifying  from  120  to  480  times. 

Price  11,000  marks. 

8.  Refractor  of  62  Iine8=ll7.5  mm.  aperture  and  2  m.  focus,  with 
an  hour  circle  22  cm.  in  diameter,  divided  to  4  minutes  of  time,  and  a 
declination  circle  27  cm.  in  diameter,  divided  by  verniers  to  30"  of 
arc,  wlih  six  astronomical  eye  -  pieces,  magnifying  from  82  to  824 
times,  an  annular  micrometer,  etc.,  without  clock-work. 

Price  4800  marks. 

0.  Heliometer  of  7  inches=:10  cm.  aperture  and  3.2  m.  focus,  with 
five  astronomical  eye -pieces,  magnifying  from  60  to  860  tiroes. 
Mounted  like  No.  8.  Price  42,000  marks. 

10.  Heliometer  of  6  inches =16.2  cm.  aperture  and  2.7  m.  focus, 
with  five  astronomical  eye-pieces,  magnifying  from  40  to  300  times. 
Mounted  like  No.  3.  Price  36,000  marks. 

The  following  are  his  prices  of  objectives : 


Apertare. 

Focal  Lragth. 

Pricet. 

18  inches=487.0 

mm. 

877-682 

cm. 

27,000  marks. 

16      " 

=433.0 

780-^5 

19,000 

14      " 

=879.0 

682-487 

13,500 

12      " 

=825.0 

552-422 

9,000 

10      ** 

=271.0 

488-^25 

6,000 

9      »* 

=244.0 

422-292 

4,400 

8      *' 

=217.0 

857-260 

8,200 

7      ** 

=189.0 

825-227 

2,100 

6      ** 

=  1G2.0 

259-194 

1,440 

r»     ** 

=  135.0 

227-162 

800 

4J    - 

=  121.8 

194-146 

600 

4       '* 

=108.3 

160-130 

540 

NoTB. — m.  stands  for  metre,  cm.  for  centimetre,  and  mm.  for  millimetre. 


Meridian  Circles  and  Transit  Instruments^  by  T.  Uriel  and  Son^ 
Munich^  Bavaria. 

The  dimensions  are  given  in  old  French  measure,  according  to 
which  1  inch=1.0668  English  inches,  and  1  foot=12.7892  English 
inches.  The  prices  are  in  florins,  one  florin  being  equal  to  41.7  cents 
of  United  States  currency. 

No.  1.  Meridian  circle  46  inches  in  diameter,  with  a  telescope  of  9 
inches  aperture  and  13  or  9  feet  focal  length.  At  one  extremity  of 
the  rotation  axis  is  the  circle  of  altitude,  reading  by  four  microscopes 
to  one  second.  At  the  other  extremity  of  the  axis  is  a  circle  of  the 
same  dimensions,  but  divided  only  to  single  minutes.  The  instrument 
has  a  large  level  and  four  astronomical  eye-pieces. 

Price  16,600  florins. 
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No.  2.  Meridian  circle  40  inchee  in  diameter,  with  a  telescope  of  8 
inches  aperture  and  11  or  8  feet  focal  length.    Mounted  like  No.  1. 

Price  12,000  florins. 
No.  3.  Meridian  circle  86  inchee  in  diameter,  with  a  telescope  of  7 
inches  aperture  and  9^  or  7  feet  focal  length.    Mounted  like  No.  1. 

Price  0000  florins. 
No.  4.  Meridian  circle  86  inches  in  diameter,  with  a  telescope  of  6 
inches  aperture  and  8  or  6  feet  focal  length.    Mounted  like  No.  1. 

Price  7200  florins. 
No.  5.  Meridian  circle  88  inches  in  diameter,  with  a  telescope  of  4 
inches  aperture  and  5  or  4  feet  focal  length.    Mounted  like  No.  1. 

Price  5800  florins. 
No.  6.  Meridian  circle  28  inches  in  diameter,  with  a  telescope  of  3 
inches  aperture  and  3^  or  3  feet  focal  length.    Mounted  like  No.  1. 

Price  3500  florins. 
No.  7.  Transit  instrument,  with  an  object^lass  of  0  inches  aperture 
and  13  or  9  feet  focal  length.    Construction  like  that  of  a  meridian 
circle.  Price  12,000  florins. 

No.  8.  Transit  instrument,  with  an  objectrglass  of  8  inches  aperture 
and  11  or  8  feet  focal  length.    Mounted  like  No.  7. 

Price  8500  florins. 
No.  9.  Transit  instrument,  with  an  object-glass  of  7  inches  aperture 
and  9i  or  7  feet  focal  length.    Mounted  like  No.  7. 

Price  6000  florins. 
No.  10.  Transit  instrument,  with  an  object-glass  of  6  inches  aperture 
and  8  or  6  feet  focal  length.  Mounted  like  No.  7.   Price  4000  florins. 

No.  11.  Transit  instrument,  with  an  object-glass  of  4  inches  aperture 
and  5  or  4  feet  focal  length.     Mounted  like  No.  7. 

Price  2500  florins. 
No.  12.  Transit  instrument,  with  an  object-glass  of  3  inches  aperture 
and  3i  or  3  feet  focal  length.     Mounted  like  No.  7. 

Price  1700  florins. 
No.  13.  Prime  vertical  transit  instrument,  with  an  objectrglass  of  7 
inches  aperture  and  9^  or  7  feet  focal  length.    The  telescope  is  at  the 
end  of  the  horizontal  axis,  with  an  arrangement  for  rapid  reversal. 

Price  7500  florins. 
No.  14.  Prime  vertical  transit  instrument,  with  an  object-glass  of  6 
inches  aperture  and  8  or  6  feet  focal  length.    Mounted  like  No.  13. 

Price  6000  florins. 
No.  15.  Prime  vertical  transit  instrument,  with  an  object-glass  of  5 
inches  aperture  and  6^  or  5  feet  focal  length.     Mounted  like  No.  13. 

Price  4300  florins. 
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No.  1 6.  Prime  vertical  transit  iDstmmeDt,  with  an  object^lass  of  4 
inches  aperture  and  5  or  4  feet  focal  length.     Mounted  like  No.  Id. 

Price  3000  florins. 
No.  17.  Prime  vertical  transit  instrument,  with  an  objectrglass  of  3 
inches  aperture  and  3^  or  3  feet  focal  length.     Mounted  like  No.  13. 

Price  1800  florins. 


The  Arm  of  Pistor  and  Martins,  of  Berlin,  has  become  extinct ;  but 
Carl  Bamberg,  of  Berlin,  advertises  to  make  astronomical  instruments 
in  the  same  style  as  they  were  formerly  made  by  Pistor  and  Martins. 

Astronomical  instruments  of  the  first  class  are  made  by  several  oth- 
er manufacturers  in  Europe,  particularly  by  A.  Repsold  and  Son,  of 
Hamburg,  Germany ;  but  the  latter  firm  does  not  publish  a  catalogue, 
and  it  is  necessary  to  make  a  special  contract  for  such  instruments 
as  may  be  required. 
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